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Soil acidity has "been corrected in the past "by liming 
to a pH of approximately 6.5* However, analyses of lime 
experimental data in recent years have indicated that 
several crops grown in a rotation involving a legume meadow 
attain maximum yields when the soil pH approaches neutrality 
(6,9 to 7.0). These findings served as a "basis for modifying 
liming recommendations in Iowa to include higher lime rates 
where long-term management and economic factors are favorable. 
Most of the past limestone research has involved crop 
rotations in which com and other grain crops were dependent 
upon a legume meadow for nitrogen. In these experiments, 
soil fertility levels were frequently minimal. Under such 
circumstances, com indirectly benefited from the positive 
effect of lime upon legume growth and upon soil nutrient 
availability. Since use of continuous row crop systems and 
high rates of fertilizer have become increasingly common, new 
information is needed to determine com yield response to 
lime under these conditions. 
Previous experiments have usually not included lime rates 
providing information on crop response at pH values above 7,0. 
Also, generally no attempt has been made to statistically 
relate the effect of lime on soil test values and plant 
nutrient composition to yield response. 
Therefore, this study was conducted with the following 
2 
objectives: 
1. To determine the effect of a wide range of lime 
rates upon the yield of well-fertilized com grown 
in a continuous-corn cropping system at locations 
representing a number of the major soil associations 
in corn-growing areas of Iowa. 
2. To determine the effect of these lime rates on soil 
test values for pH, N, P, and K, and on the concen­
trations of various nutrients in com leaves. 
3. To determine, insofar as possible, the relationship 
between com yield response to lime and the influence 
of treatments upon soil chemical properties and leaf 
nutrient composition. 
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BEVIEW OP LITERATUBE 
Effect of Lime on Toxic Elements in Acid Soils 
A great deal of effort has been expended to determine 
the ways in which liming acid soils affects plant growth. 
Much of the discussion on this subject has centered on the 
relationship between soil acidity and the concentrations of 
H-ions and soluble or exchangeable A1 and Mn. 
Hydrogen ion 
The reviews of Pearson (I966), Adams and Pearson (I967), 
Woodruff (1967), and Black (I968) indicate the H-ion is not 
generally considered to have a direct, negative effect on 
plants grown on acid soils. However, the effect of H-ion 
concentration on plants has been difficult to demonstrate in 
soil systems because of the confounding effects of low nutri­
ent availability and high A1 or Mn levels associated with 
strongly acid soils. A number of studies cited by Pearson 
.(1966) involving nutrient solutions suggest that root growth 
in a number of plants is depressed by the H-ion at pH*s below 
5.0, Black (1968) cites the existence of root and plant 
tissue fluids with low pH, reported in several papers, as 
evidence that plants tolerate acidity at least equivalent to 
that generally observed in acid soils. 
It appears, therefore, that the beneficial effects of 
lime in reducing the H-ion concentration in acid soils are 
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related more to the reduction in solubilities of A1 and Mn 
or to nutrient availability than to alleviation of a H-ion 
toxicity, 
AT iiTniymm 
In many cases reported in the literature, A1 toxicity 
appears to be the primary factor limiting plant growth on 
acid soils (Coleman et al., 1958; Pearson, I966; Adams and 
Pearson, 196?; and Woodruff, I967). Such toxicity prevents 
normal root elongation and causes damage to roots, thereby 
reducing both nutrient and water uptake (Foy and Brown, 1964; 
and Pearson, I966). In particular, A1 is known to have in­
hibiting effects on the metabolism as well as the availability 
of P (Wright and Donahue, 1953). The interactions between A1 
and P have been discussed in some detail by Black (I968), 
The reduction in Al toxicity by lime has been shown to 
result from a decrease in Al solubility with increasing pH 
rather than from an increased level of soluble Ca. Fried and 
Peech (19^ 6) and Schmehl et al. (1950) demonstrated, in this 
regard, that gypsum failed to reduce the yield-limiting 
effects of Al on several crops despite providing adequate 
Ca in the soil solution. 
The solubility of Al in water is reported to be less than 
1 ppm between pH 5*5 and 7.0, and to increase rapidly to a 
maximum near pH 4,0 (Magistad, I925). However, the relation­
ship between soil pH and both water-soluble and exchangeable 
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Al (extractable by 1 N KCl) is not as clearly defined. 
Pierre (1931) noted that soils with the same pH differed 
in soluble Al content. Nevertheless, Pierre et al. (1932) 
indicated that soils of pH 5*0 generally contained less than 
1 ppm in the displaced solution. Adams and Lund (I966) ob­
served that acid subsoils with predominantly kaolinitic clay 
minerals had much lower exchangeable Al levels than other 
subsoils at the same pH containing primarily montmorillonite. 
The more highly weathered soils of the southern U.S. are 
frequently high in exchangeable Al. Coleman et al. (1959) re­
ported exchangeable Al levels in the Ap horizon of some yellow 
podzolic and planosolic soils in North Carolina that ranged 
from 1.83 meq/lOOg at pH 5*3 to 0.13 meq/lOOg at pH 6.3. 
On the other hand, Keeney and Corey (I963) found that the ex­
changeable Al in 25 of 26 Wisconsin soils investigated ranged 
from 0.9 meq/lOOg at pH 4.6 to 0 meq at pH 6.0. These values 
were too low to correlate with soil lime requirement. Ex­
changeable Al levels of 1 to 8 meq/lOOg were reported by 
Bhumbla and McLean (I965) for some acid soils in Ohio which 
were nearly all below pH 5*0, 
The concentration at which Al becomes harmful to plants, 
i.e., the critical level of Al, as well as its relationship 
to pH, has been shown to differ considerably among soils. 
Pierre (1931) found that plant growth varied on soils with 
the same level of soluble Al. Part of the variation was re­
lated to the percentage base saturation, Adams and Lund (I966) 
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also observed that the critical level of exchangeable A1 for 
cotton root elongation differed among subsoils even though 
Ca was not deficient. In subsoils with kaolinite and mont-
morillonite as the dominant clay minerals, growth depressions 
occurred at exchangeable Al levels equal to or greater than 
0,13 and 2.55 meq/lOOg soil, respectively. Corresponding 
pH values were 5*^  and 4.9. 
Experiments with nutrient solutions have demonstrated 
that increasing the concentration of accompanying ions has 
the effect of decreasing Al activity and toxicity at a given 
concentration of Al. Dios Vidal and Broyer (cited by Black, 
1968) showed that increasing the culture-solution concentra­
tion of Mg from 2.43 to 2^ 3.2 ppm alleviated the toxicity to 
com of 4 to 17 ppm Al. This effect may have resulted from 
competition of ions for plant uptake by virtue of relative 
concentrations, or to a decrease in Al activity, a factor not 
proven to be of greater importance than Al concentration 
(C. A. Black, personal communication). 
However, in acid soils, an increase in the level of 
soluble salts (e.g., KCl) by dry weather or by fertilizer 
applications has been reported by several authors to increase 
the concentration of soluble Al at a given pH (Pierre et al., 
1932; and Ragland and Coleman, 1959)• Adams and Lund (I966) 
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found a relatively consistent relationship between molar 
activity of A1 in subsoil solutions and root elongation, 
regardless of subsoil type, and attributed the changes in A1 
activity to variation in salt level. 
In addition to soil factors influencing the critical 
level of Al, large differences exist among plant species in 
their ability to tolerate Al. McLean and Gilbert (1927) 
found that coim was relatively resistant to Al when compared 
to such crops as barley, oats, sorghum, and rye. Ligon and 
Pierre (1932) demonstrated with culture solutions that 1 ppm 
Al at pH ^ .5 was sufficient to injure com roots but caused 
greater injury to barley and sorghum. Foy and Brown (1964) 
observed a similar tolerance to Al by com. Kamprath (1970) 
reported that on leached acid soils of the southeastern U.S., 
corn growth was not reduced by exchangeable Al concentrations 
of less than 44^  saturation where lime supplied adequate levels 
of Ca and Mg. Optimum soybean and cotton growth required the 
Al saturation to be less than 20#. 
The role of Al toxicity in acid Iowa soils has received 
little attention. However, it would appear that most of these 
soils are not sufficiently acid and base unsaturated to permit 
the solubility and toxic levels of Al cited in the literature 
as being harmful, particularly for a crop such as com. 
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Manganese 
The solubility of Mn, like that of Alt increases with 
decreasing pE. The presence of Mn is commonly believed to be 
a major factor limiting the productivity of acid soils (Cole­
man et al., 1958; Pearson, I966; Weeks and Lathwell, 19^ 7; 
and Woodruff, I967). On the other hand, with soils low in 
Mn, liming to a pH 6,5 or higher can cause Mn deficiency in 
some plants (Sanchez and Kamprath, 1959)* However, com is 
not as sensitive to low levels of Mn as such crops as soybeans, 
oats, and wheat (Olson and Lucas, I966). 
Pearson (I966) and Black (I968) have discussed and con­
trasted Mn toxicity effects with those of Al. Distinct differ­
ences are that Mn toxicity does not affect primarily the root 
and that Mn may accumulate in above ground plant parts. Also, 
Mn does not form insoluble compounds with P, and toxicity of 
Mn is not, therefore, directly alleviated by P application to 
the soil. Like Al, the Mn concentration in soil solution is 
increased by salts such as KCl (York et al,, 195^  and Jackson 
et al.; 1966). Abruna et al. (1964) observed an increase in 
exchangeable Mn as a result of acidification from heavy 
fertilizer rates. 
The relationship between water-soluble Mn, exchangeable 
Mn (extractable by neutral, 1 N NEj^ .OAc), and pH in 24 acid, 
Iowa soils and one southern soil was studied by Morris (1948). 
It was found that no relationship existed between the exchange­
able Mn content and the pH of a 1:2.5 soil-water slurry. 
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However, soluble Mn was found to be related to exchangeable 
Mn and to pH changes resulting from applied lime. Soluble 
Mn concentrations averaged 2.1, 1.0, and 0.5 ppm (dry-soil 
basis) for soils below pH 5,20, between pH 5*20 and 5*^ 0, and 
above pH 5.^ 0, respectively. The Carrington, Fayette, and 
Tama silt loam soils with pH values between and 5*60 
had no soluble Mn present, Weller soils of pH 5*38 to 5*50 
varied in soluble Mn content from 2.7 to 0,0 ppm. The 
author indicated that these concentrations should be multi­
plied by a factor of 4 to 10, depending on the soil moisture 
level, in order to obtain the concentration of Mn in soil 
solution. 
White (1970) found that in an acid podzolic soil, NHij,OAc-
extractable Mn was well correlated (r = -0.931) with changes 
in pH (1:1 soil-water ratio) resulting from liming, and also 
with water-soluble Mn (r = O.962). However, below 10 ppm ex­
changeable Mn, the water-extractable Mn was too low to be 
related to that extracted with NHij^ OAc, Both soil Mn parameters 
correlated well with Mn levels in barley plants. 
The critical level of Mn appears to be somewhat variable, 
particularly among different plant species. Morris and Pierre 
(19^ 9) found that five legume species, including soybeans, all 
grew well in nutrient solutions at pH 4.6, but yields were 
markedly depressed at Mn levels of 1 to 10 ppm. Olsen (cited 
by Morris and Pierre) reported that com was not injured at 
Mn concentrations below 62,5 PPm, 
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On the "basis of these findings, Mn toxicity would not be 
expected in most Iowa soils above pH 5*5* except perhaps for 
Mn sensitive plants. There is some evidence that com is 
among the species more tolerant of higher Mn levels. 
Effect of Lime on the Availability of Soil Nutrients 
The influence of liming and resultant pH changes on the 
chemical and physical forms of nutrients essential to plant 
growth is varied and complex. Much about this influence has 
been learned and much remains to be discovered. What is known 
consists largely of simple or main-effect relationships of pH 
and Ca level with availability of individual nutrients known 
either to be essential in plant metabolism or to be potentially 
inhibitory to physiological processes of plants. What remains 
largely unknown is how these relationships are modified by 
soil properties and constituents at their various levels. Such 
modifications are apparent from the varied and often inex­
plicable results reported from liming experiments. 
Discussions on the effects of liming and/or pH changes on 
the availability of individual nutrients are commonly found in 
textbooks and reviews of literature. The influence of liming, 
in particular, has been reviewed by Coleman et al. (1958) and 
Pearson (1958)» Also Jackson (I967) has discussed various 
aspects of plant growth on acid soils. Therefore, the subject 




The availability of N derived from the soil organic 
matter is generally considered to be near optimum in the pH 
range of 5*5 to nearly 8.0, Heterotrophic organisms respon­
sible for the conversion of organic N to tolerate a 
range of acidity. Autotrophic organisms, Nitrosomonas and 
Nitrobacter. responsible for the conversion of to NO2" 
and NO^ " are much more pH sensitive. Jackson (I967) cites 
reports indicating these organisms have an optimum pH of 
6,7 or higher. 
Liming acid soils often results in an initial increase 
in available N. Allison and Sterling (19^ 9) observed this 
effect in laboratory experiments with incubated soils. Other 
findings indicate that this is not a permanent effect. Mulder 
(I95O) reported that liming an acid peat soil decreased the 
soil organic matter level and increased N availability. 
However, the effect on N only lasted for approximately 5 
years. Thompson et al. (195^ ) found that at a constsait level 
of organic N, mineralization of N in incubated, unlimed soil 
samples failed to differ significantly across the pH range of 
5.2 to 8.1. The authors concluded that the initial increase 




The pH range of 6,0 to 7.0 is commonly suggested to be 
optimum for P availability. Under acid conditions, Pe and A1 
compounds react with P to form insoluble complexes. Insoluble 
tricalcium phosphates form in the presence of Ca under alkaline 
conditions. Liming of acid soils releases insoluble inorganic 
P by hydrolysis of A1 and Fe phosphates (Black, 1968). Lime 
also increases P availability by increasing the rate of P 
mineralization from organic forms in the soil. Thompson 
et al. (195^ ) found that mineralization of organic P in un-
limed, incubated soils increased with increasing pH between 
5.2 and 8.1. Halstead et al. (I963) observed an increase in 
mineralization of organic P in acid Canadian soils following 
lime application. Black (I968) suggests this effect may be 
due to reduction in sorption of organic P compounds by hydrous 
oxides, consequently promoting the solubility of these com­
pounds as well as their susceptibility to mineralisation. 
Black (1968) cites several papers indicating that liming 
of acid soils can also reduce P availability. This effect 
appears to be correlated with low P availability of the acid 
soil, but the exact cause of the resultant P deficiency is 
not known. The more usual effect of moderate lime application, 
however, is to temporarily decrease and then increase P in the 
soil solution after a longer reaction period, presumably due 
to release of unavailable P held in Pe and A1 compounds. As 
discussed by Pearson (1958), the long-term effect of liming 
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is generally to Improve the efficiency of P fertilizer. 
Potassium 
The availability of soil K is generally considered to be 
nearly optinim above pH 6.0, Ntimerous articles have been 
written on the effect of liming on K availability. Early find­
ings were often in disagreement as to whether or not the over­
all effect of Ca on soil K was favorable. The reviews and dis­
cussions of Eeitemeier (I951), Black (I968), and Thomas and 
Hipp (1968) have dealt with this problem in some detail. The 
general conclusion appears to be that lime may increase the 
availability of soil K by promoting its release from nonex-
changeable forms. It may also decrease K availability by pro­
moting K fixation by clay minerals, or it may have little ef­
fect on such fixation, depending on the particular soil. Lim­
ing of acid soils tends to increase K fixation if vermiculite-
type minerals are present and if there occurs significant un­
blocking of interlayer sites which, upon removal of Al, fix K. 
Addition of lime has been shown to result in K deficiency 
in soils initially low in K, The antagonistic effect of Ca 
and Mg on K uptake under these c ircumstances has been observed 
also in cases where overlimed or calcareous soils have high 
concentrations of Ca and Mg with respect to an otherwise 
sufficient K level (Pierre and Bower, 19^ 3)» 
The ultimate effects of reasonable application of lime are 
generally considered to promote soil K availability as well as 
lit-
the efficiency of K fertilizer on acid soils (Pearson, 1958). 
However, liming soils with a pH between 6,0 and 7.5 usually 
will decrease plant uptake of K (Thomas and Hipp, I968). 
Secondary nutrients 
Calcium and Magnesium Addition of lime to soil re­
sults in increased Ca availability and, usually, greater Mg 
availability as well. This occurs not only because the direct 
addition of these elements increases their relative percent­
ages on the soil exchange complex, but also because of the 
reduced inhibitory effects on plant uptake by H and A1 
(Coleman et al,, 1958; and Pearson, I966), 
The establishment of a critical level for soil Ca has 
been difficult because of confounding toxic effects of A1 and 
Mn under acid conditions. Furthermore, the type of cation ex­
change material in the soil as well as the concentrations of 
other cations present, such as Mg, K, and Na, have been shown 
to be important (Pearson, I966), 
Mehlich and Colwell (19^ 3) and Allaway (19^ 5) reported 
differences in the availability of Ca in different soil 
colloids. Soybeans grown in a greenhouse experiment were re­
ported by Mehlich and Colwell to achieve maximum growth when 
Ca saturation was ^ 0^  in kaolinitic and 80^  in montmorillonitic 
colloids. Laboratory experiments of Howard and Adams (I965) 
indicated that when the ratio of Ca to total cations in nutri­
ent and subsoil solutions was above 0,10 to 0,15, the elonga-
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tlon of cotton primary roots was near the maximtm. At 
smaller ratios, root elongation declined sharply. 
The availability' of Ca and Mg has bgen discussed frequent­
ly in terms of relative concentrations in the soil. Bear and 
Toth (1948) suggested that the ideal levels of Ca and Mg 
should be 65^  and 10% of the soil exchange capacity, with 
exchangeable K at one-half the concentration of exchangeable 
Mg. Others have suggested that 75% Ca and 10-1S% Mg are 
optimum. Aldrich (1967) concluded from experimental findings 
in Illinois that Ca:Mg ratios are generally of little im­
portance as long as exchangeable Ca exceeds the exchange­
able Mg level. 
Deficiency of Ca has been reported on soils low in cation 
exchange capacity (CEC), pH, and exchangeable Ca, particularly 
where soluble A1 and Mn are present (Coleman et al., 1958), 
Such deficiency also has been found in soils high in Na 
(Berger and Pratt, I963). In a greenhouse experiment. Key 
et al. (1962) found that Ca deficiency in com developed only 
when Ca:Mg ratios in sand-resin cultures were less than 1:1. 
Melsted (1953) observed that high rates of fertilizer appli­
cation induced Ca deficiency in com on two southern Illinois 
soils where the exchangeable Ca level was less than 2 meq/ 
lOOg and the pH was less than 4.5» 
Soils with exchangeable Mg levels representing no more 
than 4 to 6% of the CEC have been considered to be low in Mg 
(Adams and Henderson, 1962; and Tobin and Lawton, I962). 
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Deficiencies of Mg have occurred when limestone low in Mg was 
applied to sandy soils or acid soils low in Mg (Bear and Toth, 
1948). In these cases, deficiency was alleviated "by the use 
of dolomitic lime. 
Poy and Barber (1958b) reported that calcitic lime had 
little effect on Mg deficiency induced by heavy rates of K 
fertilizer on an acid (pH 4.7), sandy loam soil of northern 
Indiana. They concluded that normal rates of calcitic lime 
and potash are unlikely to cause yield reductions from Mg 
deficiency. 
The preponderance of experimental results seems to indi­
cate that the alleviation of Ca or Mg deficiency is, with the 
above exceptions, generally not the cause of plant response 
when moderately acid soils are limed (Berger and Pratt, 1963; 
and Jackson, I967). Calcium deficiency Is particularly rare 
in com grown under field conditions (Olson and Lucas, I966). 
Sulfur Little information Is available concerning 
direct effects of liming on the availability of soil S. 
Jackson (I96?) cites several reports of increased rates of S 
mineralization in acid soils limed prior to incubation. In 
one case (Nelson, 1964), a significant Increase in mineraliza­
tion occurred with increase in pH up to but not above 5«0* 
Adams and Pearson (I967) infer from reviewed experiments 
showing increased adsorption of sulfate-S with decreasing pH 
that liming probably Increases S availability. 
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Mlcronutrlents 
Mlcronutrlents differ in availability with pH levels and 
liming. The availabilities of B, Mn, Cu, and Zn decrease be­
low pH 5*0f and, with the exception of Mn, also decline above 
pH 7.0, Pe and Mn availabilities decrease above pH values 6.0 
and 6.5» Mo availability is nearly optimum above pH 6.5 
(Olson and Lucas, I966; and Hanna and Hutcheson, I968). 
Lime often increases the availability of Mo in soils 
and this effect constitutes part of the favorable influence 
of liming on legume crops (Foy and Barber, 1959î Parker and 
Harris, 1962; Berger and Pratt, 1963)0 However, the applica­
tion of lime to soil generally decreases the solubility and 
availability of the other micronutrients mentioned above 
(Coleman et al., 1958; Sauchelli, I969). Olson and Lucas 
(1966) indicate that deficiencies in each of the above ele­
ments except Mo have been observed in corn. However, Cu, Pe, 
and Mo deficiencies are uncommon in com (Barber and Olson, 
1968). On the other hand, com is more sensitive to low 
levels of Zn and deficiencies are not uncommon in the 
com belt. Zinc deficiencies found on coarse-textured soils, 
strongly-acid peat soils, and eroded soils are usually associ­
ated with inherently low soil Zn levels. Deficiencies on 
calcareous soils are more likely to be related to reduced 
availability associated with high soil pH. 
Liming has been reported to have a considerable influence 
on Zn availability in some cases, but to have no significant 
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effect on Zn nutrition of plants In others. Wear (1956) re­
ported a reduction in Zn uptake by sorghum after liming and 
concluded that this was due to an effect of increased pH 
rather than of Ca. Brown and Jurinak (1964) found a reduc­
tion in NH^ OAc-dithlzone extractable Zn with Increasing lime 
rate. Seatz et al. (1959) and Shukla and Morris (I967) are 
among those reporting increased Zn deficiency in com follow­
ing application of lime on relatively coarse-textured soils. 
Extractable Zn levels in these soils ranged from 0.29 ppm 
(by 0.6 N HOAc) to 3*5 PPm (by NE^ O^Ac-dithlzone). Initial 
pH values were between 4.9 and 6.0. In general, liming re­
duces zinc avaliabillty and absorption by plants and may in­
duce deficiencies on soils containing doubtful levels. 
Nutrient Composition and Yield of Com 
Adequate nutrient levels 
A brief summary of nutrient sufficiency levels is men­
tioned here to facilitate subsequent discussion on nutrient 
composition of com. 
Experimental findings have commonly demonstrated that 
numerous plant, soil, and climatic factors Interact to deter­
mine what constitutes an adequate level of a nutrient for 
optimum growth or yield. Differences exist among inbred lines 
and single-cross com hybrids in their ability to accumulate 
Ca, Mg, K, P, Mn, and Zn (Foy and Barber, 1958a; Gorsline et 
al., I96I; and Baker et al., 1964). With this in mind, it is 
19 
more meaningful to speak of a range of values to represent 
such a level. 
N levels required for 95 to 100# of maximum com yield 
•were found by Dumenil (I96I) to be approximately 2.93 to 
3ol6# when P concentrations were 0.275 to 0.338# in com leaves 
at the node just below the primary ear shoot. For a number of 
nutrients, sufficiency levels for com used by the Ohio 
Plant Analysis Laboratory have been reported by Jones (1967) 
as follows: N, 2.76-3.50#; P, 0.25-0.40#; K, 1.71-2.25#; 
Ca, 0.21-0.50#; Mg, 0.21-0.40#; Mn, 20-150 ppm; Pe, 21-250 
ppm; Cu, 6-20 ppm; and Zn, 20-70 ppm. These data are based on 
the composition of the ear leaf at initial silking. Very 
similar values have been suggested by Barber and Olson (I968). 
Effect of lime on nutrient composition in relation to yield 
response 
On the basis of previous discussion on nutrient avail­
ability, some of the changes in nutrient composition of com 
following liming can be anticipated. However, such changes 
may not appear, depending on the soil fertility level and 
other factors. Or, the nutrient composition may change with­
out a concomitant deviation in grain yield. 
Nutrient composition data for com have been reported 
from a number of greenhouse experiments. In these cases, the 
nutrient percentages are generally based on the analysis of 
entire plant tops at harvest, e.g., after 30 to 60 days of 
growth. The following seven studies are among those having 
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related the effect of lime to nutrient composition and vege­
tative yield of com under greenhouse conditions, 
Pierre and Allaway (1941) found that liming a silt loam 
soil from pH 5*0 to 6.5 increased the Ca and Mg contents of 
com from 17.5 to 31*3 and from 7.9 to 8.7 mea/lOOg of plant 
material. At the same time, the K level in the plant declined 
from 20.6 to 14.9 meq/lOOg. But, lime had little effect on 
the vegetative yield. 
York et al. (195^ ) applied different K and lime rates 
(0, 2, 4 and 10 or 12 ton/A equivalent) to a silt loam soil 
with an initial pH of 5*0» CEC of 13.1 meq/lOOg, and exchange­
able K level of 75 lb/A. Resultant pH values following appli­
cation of lime were 5.9, 6.8, and 7.9. Corresponding base 
saturation levels were 17, 48, and 78^ , with excess CaCO^  
present at the highest rate of lime. At the 0 rate of K, the 
Ca content of com plants increased very significantly from 
17.5 to 59.0 meq/lOOg with liming. Kg content followed a 
similar, but less striking trend. Mn levels were very signifi­
cantly reduced by each lime treatment. However, the Mn con­
tent at the highest level of lime was significantly higher 
than at the 2 and 4 ton/A rates. The K concentration in the 
com plants declined significantly from 19.4 meq/lOOg with 
the first two increments of lime, but increased significantly 
to 23.8 meq/lOOg at the highest rate of lime. Dry matter 
yields at the 0 rate of K increased very significantly with 
the first increment of applied lime, dropped to the check 
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yield level at the 4 ton/A rate,and declined very significantly 
below the ch^ ck yield at the highest lime rate, "When 200 lb/A 
of K was applied, the same.yield trend appeared, but at a 
higher level. Applied K reduced Ca and Mg uptake and in­
creased the Mn content of the plants in the absence of lime. 
York et al. concluded that overliming injury did not 
result from a lack of K or Mn availability because uptake of 
these elements increased at the high lime rate. Their find­
ings, as well as those of Pierre and Allaway, also indicate 
that a considerable change in Ca and Mg content can occur 
without any relationship to vegetative yield. At high lime 
levels, luxury consomption of these elements may occur. 
Several of the forementioned studies deal particularly 
with lime effect on P uptake. Such effects have varied with 
soil type, soil P level, and quantity of lime applied. Law-
ton and Davis (1956) applied a wide range of lime rates to an 
acid peat soil (pH 4.4) and found that the first lime incre­
ment, 3 ton/A, resulted in maximum com plant growth at a 
soil pH of 5*2. Succeeding lime increments decreased vege­
tative yields and reduced the percentage of P in the plants. 
Addition of sufficient P fertilizer reduced the lime de­
pression of yield, 
Estrada and Cummings (I968) found that lime applied to 
an acid loamy sand soil with low available P increased the 
total P content of com plants but decreased the percentage 
of P due to increased growth (dilution). Lime decreased the 
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Al concentration in com, an effect corresponding with sig­
nificant increase in top growth. 
On a Wabash silty clay loam soil (pH 6.1), Langin et al. 
(1962) observed that k and I6 ton/A rates of lime raised the 
pH to 7.2 and ?•?§ and significantly reduced the ? content 
of com plants at tasseling stage. This reduction was not 
simply due to a plant growth dilution effect. When 1? lb/A 
of fertilizer P was applied, the highest rate of lime 
(16 ton/A) produced a yield not significantly different from 
that of plants on unlimed soil. 
Two greenhouse experiments reviewed indicate the nega­
tive effect of CaCO^  on Zn uptake by com. In the aforemen­
tioned study of Langin et al,, a significant reduction in Zn 
content of com plants resulted from the 4 and I6 ton/A lime 
treatments. However, the Zn concentration did not drop below 
24 ppm, and there apparently was no yield reduction associated 
with this trend. Lime also significantly reduced the plant 
uptake of fertilizer Zn. Shukla and Morris (I967) reported 
that liming a sandy loam (pH 6,0) and a loamy sand soil 
(pH 6.1) to a pH of about 7.0 decreased both Zn uptake and 
vegetative com growth under greenhouse conditions. Plant 
Zn levels at 6 weeks of age were generally under 20 ppm. 
The CaCO^ -Zn relationship has been demonstrated also on 
naturally calcareous soils. Ellis et al. (1964) found that 
an application of 4 lb/A of Zn to a calcareous clay loam soil 
significantly increased com yields under field conditions. 
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In a greenhouse experiment, plant uptake of Zn was signifi­
cantly Increased by application of 10 lb Zn/A. 
Nutrient composition of com grown in crop-rotation ex­
periments involving lime and fertilizer treatments has been 
reported by Melsted et al. (I969). Data presented for unlimed 
(pH 4.3 to 4.8) and limed soil (pH 6.1 to 6.7) indicated that 
lime increased both the N sind P content of leaves. However, 
by most current standards, the concentrations of these ele­
ments were less than sufficient for maximum yield. Calcium 
and Mg levels also increased, while those of K and Mn de­
creased with lime. No yield data were given. 
In an experiment where com response to lime was 
measured at less acid soil pH levels, 6.2 and 6.6 after 
liming, Doll et al. (I963) reported no difference in treatment 
effects on N or P content of com stover. The K content of 
stover tended to be lower at the higher pH in one year, but was 
variable and generally not affected by liming at this level. 
Rate of liming did not affect Ca and Mg content of com 
stover, A small yield increase was associated with lime 
treatment. 
Stryker (I967) conducted experiments with lime and 
varied N, P, and K rates at five sites (three irrigated) in 
eastern Nebraska. He found that liming frequently increased 
the N content of com leaves, particularly where N fertilizer 
was not used or N was limiting. Significant increases in 
both the N and P levels occurred at three (one irrigated) 
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of four sites where there was a yield increase, "but not 
at sites showing no yield response. The percentages of 
K and Pe were generally not influenced by lime. Significant 
increases in Ca and Mg content occurred in four experiments, 
one of which showed no yield increase. In irrigated experi­
ments, where no yield response to lime occurred, no signifi­
cant increase in Ca or Mg was observed. Zinc levels in com 
leaves decreased to some extent in all but one of the ex­
periments. These decreases were significant in two experi­
ments, one of which indicated a significant yield increase. 
The Ca content tended to increase with lime in five of six ex­
periments. These increases were significant in three of four 
experiments with a yield response and in one without a yield 
increase. A decrease in Mn content was found in plants from 
all experiments. Average decreases were significant in all 
cases where yields Increased due to lime and in two cases 
where lime did not influence the yields. 
Levels of N in the leaves tended to be less than adequate, 
and Stryker concluded that increases in N availability due to 
lime was the primary factor in the yield response. Increased 
P, Ca, and Mg availability was considered to be of secondary 
importance. The apparent lime effect on N and P availability 
was enhanced by the absence of these elements in certain 
fertilizer treatments and the check treatment. 
Instances of visible Ca and Mg deficiency in field-
grown com are uncommon. However, three such cases were 
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noted In the literature. Melsted (1953) reported Ca de­
ficiency In com grown on extremely acid silt loam soils of 
southern Illinois. These soils were low In fertility. Their 
Initial pH was less than 4.5, and the exchangeable Ca level 
was less than 2 meq/lOOg. The exchangeable Ca:Mg ratio 
ranged from 1 to 2.5* Deficiency was brought about by 
heayy N-P-K fertilization without liming. Plants with 
typical Ca deficiency symptoms had less than 0.2# Ca in the 
whole plant. No yield comparisons following liming were 
indicated. 
Deficiency of Mg in com was reported in Illinois by Key 
and Kurtz (i960). Com and soybean yield responses to 
dolomite, in comparison with high calcium limestone, occurred 
on an acid loamy sand (pH 4.1) low in CEC (4.1 meq/lOOg). 
The exchangeable Mg level varied between 60 and 75 lb/A. 
The Mg content of com stover Increased from O.I6 to 0.40# 
with the 2-ton/A dolomite treatment. Levels of Ca and K 
increased from 0.I9 to 0.24# and decreased from 4.5 to 4.1#, 
respectively, 
Poy and Barber (1958b) found Mg deficiency in com 
grown on acid sandy loam soils (pH 4.7 to 4.8) in northern 
Indiana. Deficiency was Induced by heavy K fertilization. 
On one soil, lime produced significant yield increases, but 
did not affect the K-induced Mg deficiency symptoms or the Mg 
concentration In leaves. Such symptoms were observed at Mg 
levels of 0.061 to 0.128# in the sixth leaf. Fertilizer (Mg) 
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alleviated Mg deficiency symptoms "but had no effect on yield. 
On a second soil, no lime treatment effects on yield were 
noted. The author concluded that yield limiting Mg deficiency 
is not likely to result from lime and K at usually applied 
rates. 
As mentioned previously, A1 generally does not accumu­
late in above-ground plant tissue. However, a report by 
Button and Piskell (I965) indicated a significant negative 
correlation (r=-0.68) between corn yield on acid Florida 
soil and A1 content of the ear leaf. Liming at 1,5 and 3 ton/ 
A did not consistently control A1 uptake even though the 
surface soil pH was sufficiently high that A1 would not be a 
suspected factor. It was believed that this effect was the 
result of acidification from high fertilizer rates and also 
ion uptake below the limed layer of the soil. In the same 
study, lime had little effect on K, P, and Zn contents of 
leaves. However, K tended to increase at the first level of 
lime and then to decrease at the 3 ton/A rate. Phosphorus 
tended to increase slightly with lime. Calcium and Mo levels 
increased while those of Mn and Pe decreased. Yield response 
to lime was inconsistent. 
The foregoing experimental evidence indicates that lime 
has a positive effect on com yield by increasing the N, P, 
Ca, and Mg concentration in plants and, in some instances, 
by decreasing the A1 or Mn uptake. On soils above pK 5-5* 
the main effect appears to be generally related to N and P 
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nutrition, particularly where levels of these nutrients 
are less than sufficient for maximum yield. While increases 
in Ca and Mg uptake commonly occur with liming, the reviewed 
findings suggest that such increases are associated with yield 
increases primarily on strongly acid soils or coarse-textured 
soils inherently low in these elements. 
The trend toward reduced K uptake following lime applica­
tion has not been related to yield response in most instances. 
Negative effects of lime on com yield have been associated 
with reductions In P and Zn levels in the plant. Such re­
sponses have occurred in some cases due to overliming or to 
low supply of soil P and Zn. 
Com Yield Response to Lime 
Southern and eastern United States 
Much of the research on soil acidity and associated 
factors Influencing crop yields has been done in the southern 
and eastem areas of the U.S. Soils in these regions are 
generally more highly weathered and strongly acid. Toxic 
levels of A1 and Mn are more frequently encountered. Conse­
quently, positive crop responses to lime have been observed 
more consistently. 
Data from early lime experiments with com are often 
difficult to interpret because of confoimdlng effects of 
nutritional factors which today are largely eliminated in 
continuous com programs. Specifically, these effects arise 
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from use of crop rotation systems involving a legume as well 
as from low and/or variable fertilizer treatments. Further 
difficulty results from the lack of a statistical measure of 
the significance of yield differences associated with treat­
ments. Some experiments of this type have been included in 
this review for the purpose of indicating the nature of com 
response under conditions which, in many instances, would be 
expected to inflate the apparent effect of lime. 
Adams (1956) reported 25 years of com yield data from 
experiments in Alabama. Com was grown in rotation with 
cotton or cotton and vetch. Yields were low, as were fer­
tilizer rates. Response to lime was variable, with in­
creases of 4 to 5 bu/A common. Yield inconsistency occurred 
particularly above pH 5*5* 
Sturgis and Patrick (1956) applied variable N, P, and 
K treatments with and without 3»000 lb/A of dolomitlc lime­
stone to a silt loam soil in Kentucky. The soil had a low 
CEC of 8 meq/lOOg and the lime treatment was sufficient to 
raise the pH from 5*4 to 6.4. Com was grown in rotation 
with cotton. A yield response of 8 bu/A to lime at a yield 
level of 70 bu/A occurred with an N-P-K application of 
112-28-20 lb/A. 
Robertson et al. (1957) experimented with deep placement 
of lime and fertilizer in acid, sandy soils of Florida. Yield 
response to lime was variable, with a 4 to 5 bu/A increase 
in some cases where an organic hard pan was present. However, 
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the lime effect could not be directly ascertained in all 
instances because of differing fertilizer rates among limed 
and unlimed plots. The extent of lime mixing with the soil 
•was not clarified. Also, rainfall was substantially limiting 
at some sites. 
Doll et al. (1963) reported com response to lime in a 
corn-wheat-red clover rotation experiment in Kentucky. A 
basic treatment of N and K at $0 and 66 lb/A was applied 
to the com along with variable rates of P. At the P rate 
nearest the optimum (100 lb/A/rotation), average yields over 
a 13-year period were 57«2 and 61,5 bu/A, respectively, on 
plots with a pH of 6.2 and 6.6. There was no test of sig­
nificance of the observed yield difference. 
In Florida, Piskell and Sutton (I962) used a multiple 
regression analysis to describe com yield response to factors 
influenced by varied P rates with and without 3 ton/A of 
dolomite. Experiments were conducted on an acid, fine sandy 
loam soil. A basic N and K fertilizer treatment to all plots 
consisted of 120 and 100 lb/A. Small but consistent yield 
increases occurred due to lime. Yields were better correlated 
with pH than with KCl extractable A1 and exchangeable Ca. 
In a subsequent experiment (Button and Piskell, 1965)# lime 
was applied at 0, 1.5, and 3 ton/A to soil receiving heavy 
annual rates of N-P-K (200-132-166) plus 10 lb/A of Zn. The 
initial soil pH was 5.1. There was no consistent response to 
liming. Com yields were inversely related to soil A1 
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extractable with NHj^ OAc and to the A1 content of leaves, 
irrespective of lime level. This relationship was attributed 
partly to fertilizer acidification and to absorption of ions 
below the limed soil. 
Walker and White (I963) applied five rates of dolomite 
(0 to 9»000 lb/A) to continuous com on loamy sand soil in 
Georgia. Initial soil pH was 5»2. A 3,000 lb/A rate of lime 
was considered adequate to raise the pH to between 6.5 and 
7.0. Fertilizer was applied to all plots at the rate of 
122-42-80 lb/A of N, P, and K. A 5-year average, mazlmum 
yield of 85 bu/A occurred at the highest lime rate, while 
unllmed plots averaged 75 bu/A. However, there was no sig­
nificant difference between these or other treatments. 
Adams and Pearson (I967) reviewed the literature on com 
response to lime in the southern United States and Puerto Rico. 
They noted that the maximum soil pH values, at which response 
to lime has been reported, ranged from 4.8 to 5*7» However, 
they indicated that insufficient data exist to accurately 
compare soil groups for pH above which crops do not respond 
to lime (critical pH). Optimum pH values tended to be lower 
for fine textured soils than for sandy soils. 
Adams and Pearson cited unpublished data from Georgia, 
Kentucky, and South Carolina which show increases in com 
yields of 11 to I9 bu/A when soils with initial pH of 
5.5 to 4.7, respectively, were limed. No information was given 
regarding fertilizer treatments, the amount of lime added, or 
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the significance of yield differences. With one exception, 
yield levels were under 90 "bu/A. 
In a review by Weeks and Lathwell (I967), unpublished 
data from two experiments in Pennsylvania were cited for com 
in an alfalfa-corn rotation. Liming of a soil at pH 5*5 re­
sulted in small and variable increases in com yield, with a 
tendency toward smaller response with increasing rate of P 
fertilizer. Two-year data from a second experiment on a 
soil with an initial pE of .^6 showed no consistent response 
to lime. 
Adams (I969) reported the results of 25 liming experi­
ments in Alabama with com grown continuously or in rotation 
with cotton. Adequate N, P, K, and Zn fertilizer rates were 
used along with other recommended cultural practices. The 
soils involved were texturally among the sandy loam or sandy 
clay loam classes. In 5-year experiments at two sites, com 
followed 3 years of cotton. Treatments Included six lime 
rates (0 to 8 ton/A), two lime sources (calcitic and dolomitlc) 
and two nitrogen rates (60 and 240 lb/A). Lime was applied 
prior to the first year of cotton,and the desired pH range 
(^ 5*0 to 6,9) was established prior to the growth of com. At 
both sites, the critical pH was 5*5, with corresponding average 
yields of approximately 65 to 6? bu/A. No lime source or 
overliming effects appeared. Yield differences due to lime 
were largely unaffected by drought incurred. In a similar 
experiment at a third site, com was grown for 2 years 
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following 9 years of cotton. In this case, the critical pH 
was somewhat lower, with no significant yield differences 
occurring above pH 5*2. In the pH range of 5.2 to 6.9, 
yields varied "between 90 and 104 bu/A. At a fourth site, 
where com was grown for 2 years following lime applications 
of 0 to 12 ton/A, the pH ranged from 4.7 to 6.9. The 
maximum com yield over the period was 69 bu/A, and no sig­
nificant yield differences were observed between pH 5»1 and 
6.9. Again, there were no significant lime source or over-
liming effects. 
In another experiment, com and cotton at two locations 
were grown alternatively on unllmed soil and soil limed to 
maintain pH 6.0. Initial pH was 5-6 and 5*2 at these sites. 
Liming Increased yields by 5 to 7 bu/A/year over a period of 
6 to 8 years. Still other experiments verified that the 
critical pH was not constant, but ranged from approximately 
5.0 to not less than 5.6. 
Adams emphasized that precise delineation of a critical 
pH was not possible because of limitations in pH measurement 
due to sampling variation and seasonal effects. He con­
sidered that it should be possible to determine the critical 
pH for a given soil within 0.2-0.3 pH unit. All pH data re­
ported were obtained from samples taken in February to minimize 
residual fertilizer effects. Adams recommended on the basis 
of the above findings that soil be limed to a pH 5.8 for 
\ 
growth of continuous com. 
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Midwestern United States 
Results of long-term lime experiments with com In 
rotation with a legume have been reported for a number of 
mldwestem states. Among these are Illinois (Bauer et al., 
19^ 5)# Kansas (Davidson and Smith, 1950), and Ohio (Barnes 
et al., i960). Under the conditions involved in these ex­
periments, liming to pH 6.5 or 7 was found to be beneficial 
to com production. Similarly, in Iowa, Voss et al. (I965) 
advised that, on the basis of com-oats-meadow rotation ex­
periments, liming to pH 6.9 gave maximum yields from each of 
these crops. However, as discussed previously, data from 
experiments of this type may lead to overestlmatlon of the 
lime requirement of continuous com. 
It is of Interest that in several soil fertility studies 
in Iowa, not involving lime as a treatment variable, soil pH 
ultimately has been considered as an important factor in ex­
plaining variation in yields. Voss (19d2), Desselle (I9Ô7), 
Christensen (I968), and Voss (I969) conducted experiments to 
determine com response to various N, P, and K treatments 
and Influential uncontrolled factors. In each case, soil pH 
was included in generalized yield equations because of a 
significant positive relationship with com yield. However, 
data from these and other unpublished experiments indicate 
that the measured relationship between soil pH and com yield 
in Iowa was frequently inconsistent. 
Alleviation of a distinct Ca or Mg deficiency is rarely 
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associated with com yield response to liming in the midwest. 
Several reports cited earlier Indicated this type of response 
does occur on strongly acid soils that are usually coarse-
textured and/or inherently low in fertility. Key and Kurtz 
(i960) found that 2 ton/A of dolomite applied with adequate 
N» P, and K plus micronutrients to Hagener loamy sand resulted 
in a com yield of 79 bu/A, an increase of 34 bu/A over check 
plots receiving fertilizer plus high-calcium limestone. Poy 
and Barber (1958b) observed that 6 ton/A of calcitic lime 
increased yields 5 to 8 bu/A on an acid sandy soil on which 
heavy K fertilizer rates induced Mg deficiency in com. 
In another study, Mg fertilizer had little effect on 
com grown on a number of different soils. Tobin and Lawton 
(1962) experimented with Mg applications at more than 20 
locations in Michigan, They found that on both coarse and 
fine textured soils, com did not respond to Mg applied either 
to the soil as a sulfate or to the leaves directly. 
A literature review conducted by Woodruff (I967) sum­
marized some trends in crop response to lime in the mid-
western region of the United States. Woodruff cited un­
published data from experiment stations in Missouri, Illinois, 
Indiana, Nebraska, and Ohio indicating that continuous com 
fails to respond to lime at pH values greater than 5,0, 
These experiments were conducted over periods ranging from 1 
to 8 years. Yield levels were generally greater than 100 bu/A. 
At pH values less than 5.0, significant yield increases 
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occurred mainly with the first increment of applied lime. 
Woodruff indicated the reduced response of com to lime in 
a continuous cropping system was the result of adequate N 
and P fertilization. 
Several experiments were reviewed which indicated that 
the critiCÊÛL pH for com is greater than 5*0» but probably 
not greater than 6.0. Pendleton et al. (196?) reported sig­
nificant increases in com yield after lime application to an 
acid, silt loam soil in southern Illinois. The soil had an 
initial pH of 4.8 and was low in N, P, K, and organic matter. 
Three rates of lime were each applied with 160-44-38 lb/A 
of N-P-K fertilizer. Com and soybeans were grown in rotation. 
Com yields increased from 81 to 102 bu/A as the pH was in­
creased from 4.8 to 7»5 by liming. At intermediate pH values 
of 5*5 and 6.5» yields were close to the maximum, i.e., 97 
and 99 bu/A. No statement of statistical significance was 
made regarding the yield differences among treatments. 
Stryker (I967) conducted experiments at several loca­
tions in eastern Nebraska to determine com response to lime 
in a continuous row-crop system. Soils at these sites were 
of the silty clay loam and silt loam textural classes. Treat­
ments consisted of various combinations of N-P-K fertilizer 
with a maximum rate of 100-25-40 lb/A with and without liming 
to pH 6.5, Significant increases in dryland com yield of 
5 to 12 bu/A were observed at each of two locations. A 
significant increase in yield occurred in one of three 
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Irrigated experiments, where N treatments were 135 to I50 
lb/A. Surface soil pH values were in the range of 5»5 to 
5»7 at the locations where a yield response was noted. At 
the two nonresponsive irrigated sites, the pH values were 5*7 
and 6.0 before liming. Yields ranged from 101 to 114 bu/A on 
nonirrigated sites and from 126 to 146 on irrigated sites. 
Nitrogen deficiency was observed at the dryland locations, 
and it was believed the applied N fertilizer was probably 
insufficient for maximum yield. The apparent overall effect 
of lime was enhanced by the absence of N or P fertilizer in 
two of four treatments. 
Fisher (I969) reported 4-year data for continuous com 
on two silt loam soils in Missouri having initial pSg values 
(in 0.01 M CaCl) of approximately 4.8 and 4.4, respectively. 
On one site, N-P-K fertilizer was applied uniformly with 
varied quantities of effective lime. At the other site, N 
was applied as a second variable (0 to I5G lb/A) with lime. 
Average maximum yields at the two sites were 128.5 and 137*4 
bu/A. Little or no yield increase occurred above pEg values 
of 5*2 and 5*5 at the two sites. Yield differences among 
treatments across the pH range were on the order of 5 to y ^  
of the maximum yield. According to Woodruff (I967)» pHg 
values average 0.5 to 0.6 unit below soil pK in a water 
solution. No data on statistical significance of the yield 
responses were presented. It is possible that if the lime 
effect was determined as an average across all N treatments 
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on the second site, this effect could be apparently greater 
than where adequate N was present on all plots. Therefore, 
the critical pH indicated would be greater than in actuality. 
In summary, the reviewed data indicate that adequately 
fertilized com is not sensitive to soil pH as low as 5*5» 
Com grown in a continuous cropping system generally fails 
to respond to lime when the initial soil pH is above 6.0. 
There appears to be a tendency for most of the yield response 
to occur at the first increment of lime in experiments with 
varied lime rates. At the same time, there is little evidence 
that com is sensitive to overliming under most conditions. 
Yield increases observed from addition of lime to soils 
above pH $.0 are generally on the order of 5 to 10 bu/A. 
Differences in yield of this magnitude are often not 
statistically significant due to variation among plots re­
ceiving the same treatment. Therefore, measurement or control 
of yield-Influencing factors is particularly important in 
field experimentation with lime. 
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METHODS AND PROCEDUBES 
Field Procedures 
Selection of sites 
Twelve limestone experiments were initiated between the 
1966 and 1967 growing seasons. Nine private farms and three 
Iowa State University experimental farms were selected as ex­
perimental sites. Due to a number of difficulties, use of one 
site was later discontinued. The criteria used in site selec­
tion were as follows: (1) representative upland soil char­
acteristic of one of the larger soil association areas in 
which com is grown, (2) soil pE less than 6.0 and no recent 
limestone application, (3) general uniformity of soil and 
drainage, (4) 3-year com program, and (5) adequate fertility. 
The soil pH criterion was not attained in all cases. Diffi­
culty was experienced in locating suitable sites on Payette 
association soil. Consequently, two experiments (sites 11 and 
12) were established in this area in the spring of I967, 
whereas the others were initiated during the preceding fall. 
]ji total, the selected sites represent 10 of the major soil 
associations in Iowa (Figure 1 and Table 1). 
Design of experiments 
Eight rates of effective calcium carbonate (ECCE) were 
selected to measure the optimum response level of com grown 
in a continuous-corn cropping system: 0, 1,000, 2,000, 4,000, 
12 
11 
Figure 1, Locations of experiments, Indicated by site Identification numbers 
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Table 1, Identification of experimental sites and mean, 
initial soil test values®' 




1 Linn Crutchley Readlyn 5.90 63 39 201 
2 Keokuk Handy Taintor 5.95 27 15 117 
4 Clarke Robins Grundy 6,20 27 15 257 
5 Boone I.S.U. Nicollet 6,10 39 23 89 
6 O'Brien I.S.U. Gal va 6.05 37 9 159 
7 Dallas Baer Sharpsburg 5-65 39 14 279 
8 Buchanan I.S.U. Floyd 5.70 39 11 68 
9 Clinton Thompson Muscatine 5.85 53 60 223 
10 Monroe McCombs Weller 5.70 29 10 71 
11 Clinton Lampe Fayette 6.50 39 49 175 
12 Allamakee Kemdt Fayette 5.55 58 32 239 
M^eans based on 24 observations per site, 
C^ooperators at sites 4 and 10 changed to Mortimer 
(1969) and Maddison (I968), raspectively» 
®A11 soils are of medium texture. Series descriptions 
have been given by Oschwald et al. (1965). 
8,000, 16,000, 24,000,and 32,000 lb ECCE/A. These treatments 
were assigned to 24 plots arranged in a randomized complete 
block design with three replications (blocks) per treatment. 
A plot size of 26.6 X 50 feet was selected to accommodate ei^ t, 
40-inch com rows and to minimize border contamination from 
lime movement with farm tillage equipment. On two experimental 
farms, sites 6 and 8, plot size was reduced to 20 x 50 feet. 
Limestone was utilized from local quarries in the 
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vicinity of the respective experimental sites. Quantities to 
be applied were calculated on the basis of analysis provided 
by the producer, and the material was applied at each site by 
hand distribution. most cases, the area was then disked 
and subsequently plowed. Samples of limestone were collected 
and later analyzed to confirm the ECCE as well as to determine 
the Ca and Mg content. 
Characterization of plots and sites 
In order to determine the chemical properties of the soil 
within each experimental site, soil samples composed of 16 to 
18 probe cores (0.75-inch diameter) were taken at depths of 
0-6 and 6-12 inches from each plot before application of lime. 
These samples were analyzed for ammonifiable N, available P, 
exchangeable K, soil pH, and buffer pH. In the fall of 1969» 
control plots at each site were sampled to a depth of five 
feet to further characterize the soils. Three cores from each 
control plot were composited to provide samples for depths of 
9-12, 12-24, 24-36, 36-48, and 48-60 inches. These samples 
were analyzed as above, with the exception of N, which was 
omitted. In addition, CBC, total exchangeable bases (TEB), 
and exchangeable Ca, Mg, and A1 were determined for each 
depth increment from single samples composited among plots. 
Profile data for each soil are reported in Appendix Table 53, 
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Management factors 
Fertilizer levels were designed to represent high-
production conditions. On experimental farms, N-P-K rates 
on the order of 200-50-75 lb/A were applied annually. On 
the remaining sites, the farm cooperators determined and 
applied their own fertilizer rates. In a few cases, it was 
necessary to apply additional fertilizer just prior to spring 
tillage to insure adequate fertility levels. The quantities 
of fertilizer used are summarized for all sites and years in 
Table 2. 
An additional fertility factor was included in the ex­
periments at sites 7 and 12 in I969. Earlier data from soil 
and leaf analyses had indicated that, among sites where yields 
tended to increase with applied lime, the observed response 
could be partially due to increased N availability. To 
determine if com yield response to lime would be influenced 
by greater N fertilization, an additional 100 lb N/& as 
NHi|,NO^  was sidedressed on half of the harvest rows in each 
plot at these sites on June 20 and July I6, respectively. 
As with fertilizer rates, local cooperators determined 
their other cultural practices, including seed bed preparation, 
hybrid selection, planting date, weed control, and insect 
control. Cooperators were encouraged to use the same hybrid 
over the 3-year period (Table 2). 
Row spacings ranged from 30 to 40 inches. In the second 
and third years, discriminate thinning following emergence was 
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Table 2. Management factors pertaining to crop planting 
and fertilization at individxial sites in each year 
, Fertilizer 
Planting ÎSSo (lb/A) 
Site Year date Hybrid plants/A N P K 
1 6? May 6 Pioneer 3558 19.8 159 38 105 
68 May 15 Farmers 4425XL 18.5 156 46 120 
69 May 15 Farmers 4425XL 21,9 168 45 88 
2 67 April 29 PAG SX29 18.7 160 39 37 
68 April 30 PAG SX29 20.7 162 35 33 
69 May 20 PAG 8X29 17.1 115 18 17 
4 67 May l6 DeKalb 633 20.4 150 36 17 
68 May 8 DeKalb XL344 19.3 209 15 15 
69 May 30 Pioneer 3206 11.5 130 44 17 
5 67 May 3 Pioneer 3510 18.7 200 53 100 
68 May 5 Pioneer 3510 18.9 200 44 83 
69 May 12 Pioneer 3510 18.9 200 44 83 
6 67 May 2 Pioneer 3558 l6.6 131 54 93 
68 May 1 Pioneer 3558 16.6 206 54 51 
69 April 30 Burts A239 16.7 211 54 51 
7 67 May 8 Pioneer 3206 18.9 160 49 80 
68 May 2 N. King PX610 17.8 155 31 58 
69 June 3 DeKalb XL45 20.5 135 37 69 
8 67 May 5 Pioneer 3558 16.4 195 57 108 
68 May 1 Pioneer 3558 18.1 200 44 83 
69 May 13 Pioneer 3558 18.8 200 73 139 
9 67 May 10 Pioneer 3582 20.8 100 33 51 
68 May 1 Pioneer 3582 20.9 145 27 37 
69 May 1 Pioneer 3582 16.4 155 52 89 
10 67 May 17 Vinton 95"V 16.3 150 36 35 
68 May 8 Vinton 95V 16.3 166 28 53 
69 — — — —  - -
11 67 May 16 Cargill 422 21.4 . 119 13 86 
68 May 1 Cargill 886 17.7 130 12 45 
69 May 8 Cargill 422 16.3 156 11 20 
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Hybrid plants/A N P K 
17.9 126 33 60 
17.2 130 46 43 
24,2 166 21 111 








iised at most sites to equalize plant populations among plots. 
Com was overplanted and thinned to the desired stand at site 
6 in 1967 and at sites 5t 6, and 8 in the last two years. 
Weed control methods varied to some extent among sites. 
Chemicals as well as cultivation were used in nearly all 
cases. Where these practices were inadequate, weeds were 
controlled by hand hoeing. 
Measurement of soil moisture and precipitation 
Moisture conditions at each site were determined in June 
or early July of each year by soil sampling to a depth of five 
feet In the control plots of each site. Due to wetness or 
uniformity among replicates, only one or two plots were 
sampled at sites 2, 4, and 7 in I969. Three borings were made 
diagonally across the center of the plot, and samples were 
combined in foot increments* The moisture content was cal­
culated as a percentage of the dry weight following a 48-hour 
period in a forced-air oven at 105® C, Soil moisture data 
are reported in Appendix Table 54, 
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Rainfall records at the private farms were obtained with 
the use of Tru-Chek rain gauges erected near each experiment 
site. In most cases, adequate records were kept by the in­
dividual coopérators. Precipitation data was utilized from 
existing Weather Bureau gauges at each experimental farm. 
Where necessary, supplementary information was obtained from 
the nearest reporting Weather Bureau station. Use of both 
soil moisture and weather factors are described in a subse­
quent section. A summary of precipitation data is given in 
Appendix Table 55, 
Measurement of treatment effects and uncontrolled factors 
The nutrient status of plants receiving the respective 
treatments was determined from the chemical analyses of leaf 
samples collected from plants in each plot when the com was 
near the 7^ -^silking stage. The leaf opposite and just below 
the ear was removed from 16 plants in the harvest area within 
each plot. These samples were dried for 24 to 36 hours at 
70°C, finely ground through a stainless steel screen, and 
later analyzed for total N, P, and K. In I969, additional 
analyses were made for Ca, Mg, Cu, Pe, Mn, and Zn. 
Grain yield of com was measured within a central harvest 
area of each plot equivalent to 72 feet of 40-inch row. This 
area was selected in June or early July, when plot borders were 
restaked. The entire sample of ear com from this area was 
shelled and weighed, A 1300-1400 g subsample of the shelled 
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com was collected and stored in a polyethylene "bag pending 
measurement of moisture content» These subsamples were later 
transferred to cloth sacks, weighed, and dried at 70®C for a 
period of at least 4 days. The moisture content was calculated 
with an allowance for 2.55^  moisture at the oven-dried weight. 
Grain yields were calculated on the basis of 15.5^  moisture. 
At the time of harvest, observations were also made on 
the number of barren, root-lodged, and stalk-lodged plants 
in the harvest area. Plants forming an angle of less than 
60 degrees with the soil surface were considered to be root 
lodged. Those broken below the ear were reported as stalk 
lodged. 
The weight/bu of grain was determined on the oven-dried 
com using a standard apparatus and procedure. Following this 
measurement, a portion of the com was stored for later use. 
In the first year, these subsamples were ground and analyzed 
for total N, P, and K, 
Each plot was soil sampled each fall following harvest 
to measure the effect of lime treatments on soil chemical 
properties with time. However, in 1969# unfavorable soil 
conditions necessitated postponement of sampling at site 10 
until the following spring. The soil samples consisted of 
10-15 cores taken from a depth of 0-6 inches from the harvest 
area of each plot. All samples were analyzed for ammonifi-
able N, available P, exchangeable K, pH, and buffer pH. 
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Laboratory Procedures 
Leaf and grain analysis 
Ground leaf samples were redried for approximately 24 
hours at 65®C prior to analysis. Each sample was wet ashed 
by placing 0«5 g of plant material, 10 ml of concentrated 
H2S02|,f and a small quantity of Cu catalyst in a 100 ml volu­
metric flask and heating the mixture on a hot plate until 
digestion was complete. The mixture was then cooled and 
diluted with NHij,-free distilled water to a volume of 100 ml. 
Aliquots of 5 ml were used for determinations of N, P, and 
K. The following procedures apply to leaf analysis of both 
1967 and 1968 crops and to grain samples in the.first year. 
Total N content of plant samples was measured by a steam 
distillation procedure similar to that described by Bremner 
(1965). The sample solution was pipetted into a 200 ml dis­
tillation flask which was then attached to the steam-
distillation apparatus. After addition of approximately 
5 ml of 1 N NaOE, steam was allowed to pass through the 
solution until approximately 30 ml of distillate collected 
in a 50 ml Erlenmeyer flask containing 5 ml of 
indicator solution. This solution was then titrated with 
standard 0.02 N B^ SO^ . 
Total P was determined by a colorimetric procedure 
involving vanado-molybdate solution (Hanway, I962). Aliquots 
of sample solution (5 ml) and vanado-molybdate reagent (25 ml) 
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were added to 50 ml test tubes, and after allowing at least 
one-half hour for color development, the color intensity of 
the mixture was measured with a Klett-Summerson Photoelectric 
Colorimeter. Calibration curves were developed from standard 
solutions of KHgPOj^ . 
With the exception of samples from sites 1 through 9 in 
1968, the total K determination was made by diluting 5 ml of 
sample solution to 55 ml with distilled water and reading the 
absorption level on a Perkin-Elmer Model 303 Atomic Absorption 
Spectrophotomer (Perkin-Elmer, I968). The calibration curve 
for the instrument was attained by repeated readings between 
samples with standard solutions made with KCl. Samples from 
sites 1 through 9 in 1968 and from plants at sites 7 and 12 
receiving additional N fertilizer in 1969 were analyzed for 
K with an IL 1^ 3 Flame Photometer. 
In 1969f analysis of com leaves for N, P, K, Ca, Mg. 
Cu, Fe, Mn, and Zn were made by the University of Nebraska 
Soil Testing Service. 
Soil analysis 
Soil samples analyzed for ammonifiable N, available P, 
exchangeable K, soil pH, and buffer pH were stored in a field-
moist condition at a temperature of 1-2°C. These tests were 
carried out at the Iowa State University Soil Testing Labora­
tory on a slurry of 1:2 soil-water ratio made from each sample. 
Using a steam-distillation procedure, ammonifiable N was 
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determined as the difference between the quantity of NH^ -N 
produced in a su"bsample of soil slurry anaerobically incubated 
for 1 week at 40°C and the quantity of NH^ -^N present in an un-
incubated subsample. Available P was determined by extrac­
tion with Bray No, 1 solution (0.025 N HCl and 0.03 N NH2(,F) 
and measurement of color intensity developed in a mixture of 
molybdate and soil-solution filtrate. Exchangeable K was 
determined by extraction with neutral, 1 N NHj^ O^Ac and 
analysis with an IL 1^ 3 Flame Photometer, Soil pH was 
measured at the soil-water ratio indicated above, and buffer 
pH was determined according to a method reported by Shoemaker 
et al., (1961), A summary of the preceding laboratory pro­
cedures has been given by Eik (I968). 
Soil profile samples were mixed and subdivided prior to 
analysis. In some cases where initial soil moisture was too 
great, brief air drying was necessary to permit mixing and 
representative subsampling. Approximately two-thirds of each 
of these samples was air-dried, screened through a 2 mm 
stainless steel sieve, mixed, and subsampled for CEC, TEB, and 
exchangeable Ca, Mg, and Al determinations. These analyses 
were performed on composited subsamples within sites for 
given depth increments, 
CEC was determined by extraction of 10 g of air-dried 
soil with neutral 1 N NH^ C^Ac, displacement of with 
acidified NaCl, and steam-distillation of the resultant 
filtrate (Chapman, 1965a), A 5-ml aliquot of the NaCl 
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filtrate, diluted to 250 ml with NE^ -^free water, was analyzed 
by the steam-distillation process indicated for plant-N 
analysis. 
Total exchangeable bases were measured by a method 
described by Chapman (1965b). The above 1 N.NHj[j,OAc filtrate 
was evaporated to a small volume in a 6OO ml beaker on a 
steam plate and then transferred to a crucible. After evapo­
ration of the filtrate to dryness, the residue was ignited 
at 700-800®C, cooled and taken up with 50 ml of 0.1 N SCI, and 
back-titrated with standard 0.1 N NaOH. 
Exchangeable Ca and Mg were determined from 5-^ 1 aliquots 
of the NHj^ OAc filtrate which were diluted to 5OO ml before the 
above evaporation process. An atomic absorption spectro­
photometer was used to measure Ca in a solution containing 
the filtrate subsample, 5 ml of 6 N HCl, 10 ml of La solu­
tion, and 30 ml of distilled water added in that order. 
Preparation of the La solution and other spectrophotometer 
procedures have been described by Perkin-Elmer (I968). 
Standard Ca solutions containing appropriate amounts of CaCO^ , 
La solution, NH^ ^^ OAc extracting solution, and HCl were used 
for calibration. Magnesium was determined by a procedure sim­
ilar to that used for Ca, Due to the greater sensitivity of 
the spectrophotometer to Mg, the 5 ml of NH^ O^Ac filtrate was 
diluted to a volume of 100 ml prior to analysis. 
Analysis for exchangeable Al Involved extraction of 10 g 
of air-dried soil with 1 N KCl and a subsequent titration 
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procedure described by McLean (1965)» A 75 ml aliquot of 
the extract was titrated with standard 0.1 N NaOH, mixed with 
10 ml of NaF solution, and then titrated with standard 0.1 
N HCl. The milliequivalents (meq) involved in the respective 
titrations represent total acidity and exchangeable Al, 
respectively. 
Limestone analysis 
Samples of limestone used in the field tests were analyzed 
at the Iowa State University Soil Testing Laboratory. The 
CaCO^  equivalent (CCB) was determined by dissolution of 1 g 
of oven-dried, ground limestone in 43 ml of 0.5 N HCl and 
back titrating with standard NaOH. The fineness of the 
material was determined by a standard screening test which 
measured the portion of a sample passing 4-, 8-, and 60-mesh 
screens. This information coupled with the moisture content 
was used to calculate the ECCE of the individual samples 
(Voss et al., I965K Hereafter, unless otherwise specified, 
the term "lime" is used in reference to ECCE rather than to 
limestone material. 
The Ca and Mg contents of the limestone samples were 
also determined. Samples of dried limestone were dissolved 
in 6 N HCl, and after proper dilution, the Ca and Mg contents 
were measured by the procedures described above for the soil 
extracts. 
A summary of the above analyses is given in Table 3» It 





Site ECGE CCE CaCO^ o MgCO^ o 4 8 60 H2O 
1 59.1 - 2,0 98,0 57.1 37.1 100,0 88,5 47.5 7.35 
2 54.5 + 6,2 76,5 78,8 1,1 100,0 100.0 56.0 3.29 
4 48,3 + 1,3 73.5 75.5 4,2 100,0 99.0 48.0 4.17 
5 47.0 +15.4 86,5 55.7 31.2 100,0 92.5 33.0 5.61 
6 57.8 -19,7 94,0 100,0 0,8 100,0 91.0 44.0 3.53 
7 49,9 -10,7 78,5 79.1 5.0 98,0 91.5 49.5 5.03 
8 51.5 - 7.7 91.0 87.3 ,5.3 100,0 94.5 33.0 2.61 
9 61,7 - 1,2 102,5 55.7 42,4 100,0 95.0 42.5 5.91 
10 52.0 + 1,3 83.5 87.0 0,9 98,5 98.0 40.0 1.63 
11 61,7 + 0,6 100,5 56,4 41,9 100,0 94.5 47.5 8.16 
12 56,5 + 2,7 88,0 83.3 9.6 100,0 95.0 48.0 4.68 
S^creen size In openings per Inch equivalent to 2,38, 0.250, and 0«l49 mm, 
respectively, 
D^eviation of measured ECGE from the ECGE value supplied by the limestone 
producer and used for calculation of the quantity to apply for each treatment, 
e.g., for site 1, the amount of effective lime applied was 2J^  less than expected 
for each treatment, 
P^ercentages based on direct measurement of Ca and Mg, 
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will be noted that deviations from the specified lime applica­
tion rates occurred "because the ECCE of the material used 
differed somewhat from the ECCE supplied by the limestone 
producer. These deviations are not considered large enough 
to influence the interpretation of treatment effects. In all 
regression analyses to determine such effects, the actual 
lb/A of ECCE applied was used. 
Calculation of CCE values on the basis of the amounts of 
Ca and Mg measured were slightly higher than that obtained 
by titration. This may have been partially due to greater 
base release with use of the stronger acid to dissolve the lime. 
However, it is more likely that these differences are a 
reflection of small cumulative errors in the Ca and Mg 
determinations which are avoided in the direct titration pro­
cedure . The CCE values in Table 3 were obtained by the method 
involving titration. Mg levels in the lime, expressed on a 
carbonate basis, ranged from less than 1^  to approximately 
42#, which approaches the MgCOy level of pure dolomite. 
Characterization of Moisture Stress 
Estimation of soil moisture availab111ty 
The availability of moisture in soil samples collected 
in June or early July was evaluated by a combination of 
laboratory measurements and estimated soil water-holding 
capacities. The lower level of available moisture was de­
termined for each profile sample by the amount of moisture 
54 
retained against 15 "bars of pressure. Due to the fact that 
laboratory measurements of 1/3 bar moisture on profile samples 
often give an erroneous indication of the upper level of mois­
ture availability, the inches of available water per foot of 
profile were obtained by subtracting 15 bar values from 
estimates of total inches of water held at field capacity. 
These estimates were obtained from observed moisture levels 
at sampling time and from capacities observed for comparable 
soils (R. H. Shaw, personal communication). A bulk density 
of 1.3 was assumed in converting soil moisture percentage on 
a weight basis to inches of water. 
Utilization of a moisture stress index 
Since plant growth and response to various treatments are 
often closely related to moisture environment, an effort was 
made to combine soil moisture and weather data into a single 
parameter indicating the moisture status of plants at each site 
during the respective growing seasons. An index of moisture 
stress (SI) for com was selected which is based on the rela­
tionship between actual (E^ )^ and potential évapotranspiration 
(Ep) and is expressed by the equation: 
Ea 
SI = 100 - g- X 100 
P 
Under optimum conditions for growth and yield production, it 
is expected that E^  ^= E^ . As moisture becomes limiting, E^  ^
declines with respect to Ep, physiological processes are 
inhibited, and yields are ultimately reduced. Corsi (I969) 
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compared this index with several others, and found it to be 
one of those giving highest correlation with com yields. 
The SI was calculated daily for each experimental site 
on the basis of inches of available moisture in the soil 
profile, precipitation, and open-pan evaporation. Procedures 
involved in the estimation of soil moisture during the course 
of the growing season have been given by Shaw (I963). In the 
present study, the relationship between and Ep was based on 
relative transpiration rates observed for com grown on Mar­
shall silt loam soil. Open-pan evaporation for each day at 
each site was determined by interpolation between values re­
ported by existing Weather Bureau stations. For the purpose 
of this study, SI was summed over two periods in the growing 
season: 2 weeks before-2 weeks after silking, and July 4-
August 31 (Appendix Table 56). 
It was anticipated that these SI summations would be 
used in regression analysis of leaf composition and yield 
data combined among sites. However, due to relatively small 
treatment effects and site x lime interactions, analyses of 
this type were not pursued. Consequently, SI values were 
used only in a descriptive role. 
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RESULTS AND DISCUSSION 
The previous discussion has partially described the com­
plexity of evaluating plant response when acid soils are limed. 
In the present study, the experiments were not designed to pro­
vide conclusive evidence regarding the mechanisms involved in 
this response. Nevertheless, within the confines of the se­
lected approach to the measurement of lime effects on com pro­
duction, an effort was made to obtain data on nutrient avail­
ability which might prove useful in describing these effects. 
The soil and leaf analysis reported in the following sections 
jointly serve as parameters for interpreting changes in plant 
nutrient status associated with lime treatments. These data 
are presented here as a background to facilitate later dis­
cussion on com yield response. 
Effect of Lime on Soil Chemical Properties 
Soil pH 
The influence of lime on soil pH at each site, as measured 
annually in the fall, is shown in Table k. The 196? data for 
sites 11 and 12 indicate the changes in pH approximately 6 
months after lime application, while those for the remaining 
sites represent differences accrued during a 12-month period. 
Among control plots receiving no lime, the average pH was 
approximately 6.00, declining slightly after the end of the 
first year. Some variation present in these control-plot 
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Table 4. Mean soil pH values for the respective treatments at 
individual ' sites in each year 
Year of sampling 
:ccE= 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
Site 1 Site 2 Site 4 
0 6.00 5.95 6.05 6.00 5.95 60OO 6.55 6.30 6.55 
1 6.15 6.20 6.30 6.05 60O5 6.10 6.80 6.45 6.70 
2 6.15 6.25 6.35 6.15 6.20 6.40 7.00 7.00 7.05 
4 6.35 6,65 6.65 6.30 6.70 6.75 6.80 6.95 7.15 
8 6.55 7.00 7.15 6.55 7.05 7.25 7.30 7.35 7.65 
16 6.65 7.30 7.40 6,70 7.60 7.30 7.20 7.40 7.75 
24 6.70 7.40 7.45 7.00 7.70 7.75 7.45 7.75 7.85 
32 6.85 7.55 7.60 6.95 7.80 7.80 7.45 7.65 7.95 
Site 5 Site 6 Site 7 
0 6.25 6.20 5.95 6.15 6.05 5.95 5.55 5.50 5.45 
1 6.15 6.15 6.05 6.10 6.20 6.10 5.70 5.75 5.70 
2 6.35 6.35 6.35 6.35 6.40 6.35 5.85 5.80 5:85 
4 6.55 6.80 6.65 6.55 6.70 6.70 6.10 6.35 6,15 
8 6.75 7.15 7.00 6.40 7.00 7.05 6.35 6.70 6.85 
16 6.95 7.35 7.35 7.05 7.50 7.65 6.75 7.20 7.25 
24 6.80 7.40 7.40 6.95 7.70 7.75 6.75 7.40 7.50 
32 6.95 7.65 7.60 7.15 7.75 7.80 7.00 7.70 7.70 
Site 8 Site 9 Site 10 
0 5.65 5.70 5.65 5.85 5.65 5.65 5.65 5.65 5.35! 
1 5.70 5.85 5.90 6.15 6.00 6.00 6.20 6.15 5.80 
2 6.05 6.15 6.10 6.25 6.10 6.20 6.25 6.25 6.05 
4 6.10 6.50 6.55 6.25 6.30 6.40 6.90 7.00 6.65 
8 6.20 6.80 6.85 6.45 6.60 6.95 6.90 7.30 7.20 
16 6.35 7.20 7.25 6.70 6.90 7.25 7.15 7.70 7.60 
24 6.70 7.65 7.45 6,80 7.30 7.40 7.60 7.95 7.70 
32 6.75 7.60 7.55 6.85 7.30 7.55 7.40 7.85 7.80 
Lime treatments are given here and in subsequent tables 
in units of 10-3 (ib ECCE/A) . 
S^ampled in the spring of 1970» 
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Table 4. (Continued) 
gggga Year of sampling 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
Site 11 Site 12 Average 
0 6.45 6.50 6.45 5.85 5.65 5.50 6.00 5.90 5.85 
1 6.55 6,55 6.65 6.15 6.10 5.70 6.15 6.15 6.10 
2 6.85 6.95 7.15 6.30 6.40 6.15 6,30 6.35 6.35 
4 7.05 7.15 7.45 6.70 6.75 6.60 6.50 6.70 6.70 
8 6.90 7.35 7.45 6.95 7.05 7.15 6,65 7.05 7.15 
16 7.10 7.50 7.65 7.30 7.50 7.60 6.90 7.40 7.45 
24 7.25 7.60 7.60 7.55 7.75 7.65 7.05 7.60 7.60 
32 7.40 7.65 7.70 7.60 7.75 7.75 7.10 7.65 7.70 
values may have been partially due to one or more of the 
following: differences in sampling, yearly variation in soil 
salt level, acidification from nitrogen fertilizer, or lime 
contamination from adjacent plots. Contamination of control 
plots over the 3-year period did not appear to be significant 
except, perhaps, at sites 4 and 11, where the pH rise for two 
of three replicates was approximately 0.50 and 0.20 respective­
ly o At all other sites, the pH of individual control plots 
remained essentially the same or declined slightly. 
The pH change resulting from the two lowest lime rates 
appeared to occur primarily in the first year at most sites. 
At the heavier rates of lime the pH continued to increase in 
each year at some sites, while on the average, the apparent 
maximum pK was essentially attained in the second year after 
application. However, because of irregularities in the 
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mixing of such quantities of material with the soil in the 
field, as well as other factors, achievement of true equilib­
rium in soil reaction was probably more nearly attained in 
the last yearo 
Neutrality was generally attained at application rates 
of 4,000 to 8,000 lb ECCE/Ae The mean mazimum pH of plots 
receiving 32,000 lb ECCE/A'ranged from.6.75 to 7.60 in the 
first year and from 7.55 to 7^ 95 lii I969. 
Ammonifiable N 
One of the more distinct effects of lime on nutrient 
availability involved increasing the amount of organic N 
mineralized in the soil. Soil test data for N from each site 
in each year were evaluated by analysis of variance (AOV) 
and several regression equations including terms for blocks 
(B) and amount of applied lime (L) without and with additional 
terms for initial soil test values obtained from the sampling 
prior to lime application. The AOV was calculated primarily 
to obtain a measure of true variation in ammonifiable N (n) 
among plots treated alike (error) for the purpose of interpret­
ing differences among mean values for each treatment. The re­
gression equations were calculated to determine if the trend 
effect of lime on ammonifiable N was significantly linear or 
quadratic over the range of lime rates applied and to determine 
if within-site variation in initial ammonifiable N (in) and 
initial pH (^ pH) influenced any apparent relationship between 
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lime rate and ammonlfiable No 
It was found that the appropriate linear or quadratic 
model indicated significant lime effects more frequently than 
was apparent from the AOV, This apparently resulted from a 
reduction in treatment mean squares in the AOV by degrees of 
freedom for higher order terms (L^ , L^ , ..., L^ ) accounting 
for little variation in the soil-test parameter. In some 
cases the error mean square from the AOV (pure error) was 
slightly larger than the residual mesm square from regression. 
Nevertheless, the pure error was generally smaller due to 
exclusion of error from lack of fit by the regression equa­
tion. Therefore, the pure error was used to calculate LSD 
(least significance difference) values to serve as guidelines 
for evaluating differences among treatment means. These 
values are reported in Table 5 for all instances where lime 
effects were found to be significant (probability levels 
<0.05) by AOV or regression analysis not involving use of 
covariates. 
In all regression procedures, uncoded values of lb ECCE/A 
or powers of ten thereof were used for lime treatments. Con­
sequently, L and terms were not independent. Selection of 
an appropriate linear or quadratic model for each location 
and year (Table 6) initially involved fitting the following 
equations to ammoniflable N data; (1) n = f(B, L, L^ ) and 
(2) n = f(B, L, L^ , H^). If the term was not signifi­
cant after adjustment for initial soil test values, equations 
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Table 5« Mean N, P, and K soil test values for the respective 
lime treatments at individual sites in each year 
Ammonifiable N Available P Exchangeable K 
jCCE PP2m pp2m 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
Site 1 
0 44 26 20 50 54 51 157 222 223 
1 46 32 22 54 54 46 149 222 211 
2 44 29 23 42 50 47 139 193 195 
4 43 31 26 51 57 49 168 247 219 
8 43 39 32 48 59 50 149 232 222 
16 47 32 26 60 62 49 174 246 207 
24 43 37 23 43 58 51 148 223 214 
32 50 36 20 48 59 44 165 257 178 
LSD^  - 10 11 11 - — — — — 
Site 2 
0 23 18 16 28 22 22 101 137 99 
1 29 22 22 26 24 26 107 140 109 
2 24 22 17 32 43 25 102 l4l 112 
4 26 23 21 35 28 26 101 135 101 
8 32 23 22 18 31 30 112 138 113 
16 34 27 21 18 27 36 100 132 114 
24 35 35 19 19 31 35 112 147 115 
32 46 35 25 28 26 37 101 148 112 
LSD 14 9 — - — 12 — - — 
Site 4 
0 42 24 21 28 24 22 219 300 229 
1 50 27 19 23 27 21 237 283 231 
2 54 31 23 24 25 27 199 279 231 
4 46 30 23 31 26 30 206 301 246 
8 66 29 20 25 28 34 229 303 258 
16 54 40 22 25 31 35 197 266 211 
L^east significant differences at the O.O5 probability 
level are given here and in subsequent tables for all in­
stances in which treatment effects were found to be signifi­
cant (probability levels <0.05) by analysis of variance or 
regression analysis. 
Table 5« (Continued) 
Anmonif iable N Available P Exchangeable K 
pp2m pp2m pp2m 
secs 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
24- 67 52 25 22 26 33 198 265 199 
32 62 44 23 26 29 42 195 271 216 
LSD 22 16 — - 8 36 - -
Site 5 
0 34 27 24 39 43 44 110 162 154 
1 37 29 23 29 34 33 106 162 144 
2 31 24 22 24 40 40 98 153 141 
4. 48 26 22 30 36 39 109 161 152 
8 41 25 19 22 37 39 99 155 137 
16 54 25 18 35 39 38 111 162 132 
24 44 30 24 31 43 45 92 145 146 
32 37 25 20 28 38 45 94 157 146 
LSD 15 - — — - — — — — 
Site 6 
0 64 28 25 26 39 30 149 202 182 
1 60 25 19 26 31 30 139 216 186 
2 62 27 21 27 32 26 149 196 177 
4 59 27 22 29 32 27 148 207 172 
8 53 27 25 20 32 29 135 218 188 
16 114 39 21 25 31 34 155 207 196 
24 80 53 24 24 41 31 151 212 I89 
32 106 42 26 20 34 35 139 202 173 
LSD 25 12 — - - 8 - -
Site 7 
0 62 31 22 38 42 36 384 392 40 6 
1 51 30 22 42 37 30 348 383 342 
2 67 26 18 38 32 34 305 305 347 
4 67 28 20 35 34 33 335 323 326 
8 65 32 22 35 37 31 310 306 297 
16 78 38 24 35 39 40 357 367 359 
24 76 39 29 32 35 35 351 330 321 
32 73 54 26 29 37 37 274 304 289 
LSD 20 11 9 11 - - - - -
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Table 5* (Continued) 




1968 1969 1967 1968 1969 1967 1968 1969 
Site 8 
0 40 29 30 19 35 38 80 148 133 
1 43 24 31 20 34 39 82 130 146 
2 31 29 26 21 28 31 72 117 124 
4 41 27 27 24 28 38 78 122 127 
8 45 31 31 22 38 38 76 137 136 
16 41 34 27 20 32 32 74 121 123 
24 49 45 36 22 33 41 70 126 128 
32 51 35 34 22 33 38 78 125 126 
LSD 14 10 — -
-
- - - -
Site 9 
0 44 37 29 66 68 67 228 234 239 
1 44 33 27 69 64 58 207 244 230 
2 42 32 24 61 56 58 211 233 240 
4 39 34 28 61 60 60 210 211 223 
8 49 34 22 65 59 58 223 224 236 
16 48 30 23 55 56 65 198 251 237 
24 40 32 24 51 54 65 208 224 229 
32 45 35 30 66 65 73 179 218 229 
LSD — — 9 — - 16 — — — 
Site 10 
0 28 21 — 27 25 29 77 101 129 
1 31 22 - 22 29 30 77 132 135 
2 39 19 - 23 22 31 74 114 132 
4 50 21 - 28 27 35 76 107 133 
8 48 29 _ 32 25 35 79 105 130 
16 51 27 - 36 27 40 76 105 148 
24 41 30 - 23 28 40 79 116 131 
32 43 30 - 27 30 43 80 101 117 
LSD 11 7 - 9 - 11 5 - -
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Table 5* (Continued) 
Anmonlflable N Available P Exchangeable K 
Ecce PP.2m 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
Site 11 
0 35 36 25 46 45 49 113 267 183 
1 43 33 26 48 55 56 133 204 183 
2 38 28 26 43 54 53 127 195 182 
4 40 33 25 51 64 59 127 204 211 
8 43 33 26 45 55 52 113 186 159 
16 43 33 27 46 50 53 120 186 185 
24 38 39 29 45 73 98 120 350 345 
32 38 38 28 54 54 63 122 208 188 
LSD - - — — - — - — — 
Site 12 
0 44 39 22 39 4l 42 156 242 222 
1 67 40 23 45 45 43 178 244 201 
2 50 35 25 39 35 45 161 209 201 
4 93 66 30 44 38 38 184 251 220 
8 95 57 34 38 40 45 173 255 223 
16 111 66 39 40 45 42 166 218 210 
24 127 90 41 38 47 46 167 234 222 
32 124 83 38 46 48 49 174 250 247 
LSD 28 25 16 — 12 - - - — 
Average 
0 42 29 23 37 40 39 161 218 200 
1 46 29 23 37 40 37 160 212 193 
2 44 27 23 34 38 38 149 194 189 
4 50 31 24 38 39 39 158 206 194 
8 53 33 25 34 40 40 154 205 191 
16 61 36 25 36 40 42 157 206 193 
24 58 44 27 32 43 47 154 216 204 
32 61 42 27 36 41 46 146 204 184 
65 
Table 6. Regression coefficients, values, and standard 
errors (SE) obtained by fitting equation (1) to 
ammonifiable N data from individual sites in each 
year 
Site 
Regression coefficients^  
bgCL) b^ CLZ) R' SE 
12^  
1 42.977 0.3750 0.1155 0.052 
2 16.247 4.3125* 0.5451*** 
-0.0296+® 
0.549 
4 46.483 0.0625 1.4417++ 0.254 
5 32.705 0.5625 2.3022** -0.0817* 0.299 
6 74.605 -8.0000++ 1.8539*** 0.491 
7 63.326 -0.6875 0.5668* 0.207 
8 40.281 -1.3750 0.4662** 0.310 
9 39.774 2.0000++ 0.0327 0.099 
10 31.639 0.9375 1.9654** -0.0554** 0.391 
11 56.858 -8.4375*** -0.0061 0.442 
12 66.450 -6.6250++ 5.7582*** -0.1110** 0.772 
1 24.574 2.I250++ 
2 18.993 0.5625 
4 26.018 0.4375 







8 29.591 -1.2500 
9 33.619 0.7500 
10 19.882 0.6250 
11 30.486 0.7500 
















































•^Probability levels for t tests of significance are in­
dicated here and in subsequent tables of regression analyses 
as follows; *** = 0.001, ** = 0.01, * = O.O5, +++ = 0.10, 
++ = 0.20, and + = O.3O. 
C^*s for L and are based on units of 10"^  (lb ECCE/A). 
®RC significant at the 0.05 probability level in equation 
(2). 
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Table 6. (Continued) 
Regression coefficients^  
Site bg b]^ (B) bgtLyb SE 
1969 
1 16.371 2o6875"^  0.963^ +++ -0.03424,* 0.293 6.389 
2 15.957 I.5OOO++ 0.1228+++ 0.226 3.760 
4 19.182 0.9375 0.100 7++ 0.144" 3.574 
5 17.290 2.5625* -0.0768 0.204 4.677 
6 20.474 0.6250 O.127I++ 0.099 4.012 
7 19.012 0.6875 0.2518* 0.271 4.508 
8 24.156 2.O625++ 0.2004+++° 0.223 5.313 
9 25.541 1.1250 -0.7592* 0.0262* 0.249 4.736 
11 27.630 -I.25OO++ O.IO62++ O.I89 3.477 
12. 21.849 0.3125 I.608I*** -0.0346+++® 0.481 7.87O 
(1) and (2) were refitted with only the linear lime term. If 
the L term was not significant, the quadratic model was re­
tained only if the probability level of the t test of the re­
gression coefficient (EC) for was larger than that for L 
in the linear model when covarlates were included. Hereafter, 
equation (1) denotes the selected linear or quadratic model, and 
equation (2) indicates the model containing terms from equa­
tion (1) plus covariates, i.e., the initial soil test values 
for the nutrient in question and for pH. Covariate effects on 
the significance of L or were considered valid only if co­
variate terms were significant at probability levels <0.30. 
The foregoing discussion on statistical methods will apply 
as well to data subsequently presented for available P (p) 
67 
and exchangeable K (k). 
It was found that inclusion of initial soil test values 
in regression equation (2) substantially increased the 
value (fraction of variation in ammonifiable N explained by 
the equation) in some cases, but generally had little influ­
ence on the relationship between lime rates and ammonifiable 
N. Instances where these covariates changed the interpreta­
tion of treatment effects are indicated by footnote in Table 6. 
In 1967, the linear effect of lime was positive and sig­
nificant at sites 2, 4, 6, 7» and 8. The quadratic effect 
of lime was negative and significant at sites 5t 10, and 12, 
indicating a reduced rate of increase in ammonif iable N at the 
high lime rates. After adjustment for _in and the quad­
ratic lime effect was also significant at site 4. As indi­
cated by the values in Table 5t irregularities in the measured 
relationship between ammonifiable N and lime rate occurred 
at sites where treatment effects were significant. This 
presumably resulted from variation in sampling, nonuniform 
soil-lime mixing and equilibrium, or lack of precision in 
the anaerobic incubation test for N. At sites 7 and 8, the 
control plot means did not differ by the LSD from mean values 
of ammonif iable N for other treatments. At sites 2, 4, 5f and 
6, most of the treatment effect was attributable to one or 
two of the lime rates at or above 8,000 lb/A, with correspond­
ing increases of 20 to 50 pp2m ammonif iable N, Treatment 
effects were significant at the lower lime levels at sites 
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10 and 12. In these instances, the control means differed 
by the LSD from those of all lime rates above the 1,000 and 
2,000 lb/A levels. Maximum increases ranged from 23 to 83 
pp2m ammonif iable N. The first-year averages over all sites 
indicated a relatively consistent increase in ammonifiable 
N with increasing level of lime. The 16,000 to 32,000 lb/A 
rates produced maximum increases representing approximately 
43^  of the ^ 2 pp2m N average for control plots receiving no 
lime. 
In 1968, the linear effect of lime was positive and 
significant at all sites but 5» 9, and 11, The quadratic 
effect of lime in equation (2) also was significant at site 1. 
Increases in ammonif iable N were generally smaller than in 
1967* As in the first year, most of the increase was due to 
rates of 16,000 to 32,000 lb ECCE/A. At sites 1, 10, and 12, 
the 4,000 or 8,000 lb/A rates were the lowest lime levels pro­
ducing changes in ammonif iable N equal to or greater than the 
LSD. The average ammonif iable N values for all sites and 
treatments in I968 were approximately 35^  lower than in the 
previous year. The decline was not associated with applied 
lime. However, the trend of increasing ammonif iable N with 
lime remained present and the percentage increase represented 
by the three highest lime levels remained essentially the same. 
The lime effect on ammonifiable N dissipated considerably 
by the end of the third year after application of the 
material. Nevertheless, the linear effect of lime was positive 
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and significant at sites 7 and 12, and at site 8 after adjust­
ment for covarlates (equation 2). The quadratic effect of 
lime was negative and significant at site 1 and, when co­
varlates were held constant, at site 12 as well. The RC for 
was positive and significant at site 9t indicating a decline 
in ammonif iable N at certain intermediate lime rates, and an 
increase in ammonif iable N at the highest lime level. This 
trend, though difficult to explain, was evidenced by only small 
differences among treatment means. Control treatment means at 
sites 7 and 9 failed to differ by the LSD from means for other 
treatments. At site 9» the absence of any difference among 
these means equal to or greater than the LSD resulted from 
the 'pure error* being slightly larger than the residual from 
regression. At site 1, the significant quadratic effect of 
lime was primarily attributable to the 8,000 lb/A rate of 
lime, while at site 12, only the three highest levels of lime 
were associated with increases in ammonifiable N in excess of 
16 pp2m N, which was equivalent to the LSD. 
The averages for all sites in I969 were only slightly be­
low those for I968 at the control treatment level. However, 
the maximum average Increase in ammonif iable N was reduced to 
about 17^ t i.e., 4 pp2m. 
Differences in lime effects among sites and years were 
further evaluated by an AOV of ammonif iable N data combined 
from eight sites within each year (Table ?)• Only sites with 
3 years of continuous yield data were used. Bartlett's tests 
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Table 7» Combined analysis of variance of ammonifiable N 






Mean squares^  
1967 1968 1969 
Sites (S) 7 8204.793*** 2699.761*** 403.892*** 
Blocks 16 140.057 40.177 43.687 
Lime treatments (L) 7 1465.375*** 983.116*** 81.999 
Linear L 1 8386.412*** 6319.459*** 459.062*** 
Lack of fit 6 311.868 93.726 19.155 
S X L 49 372.225* 164.608* 38.967 
Error® 112 101.336 56.389 31.936 
S^ites 6, 10, and 11 omitted. 
P^robability levels for P tests of significance are in­
dicated here and in subsequent tables of analyses of variance 
as follows: *** = 0,005, ** = 0.01, * =0.05, +++ = 0.10, 
and ++ = 0.25. 
Gpooled error variances are heterogeneous, 
were performed on error mean squares from the AOV for each 
site. These tests indicated that the error variances were 
heterogeneous. Cochran and Cox (1957) indicate that when such 
heterogeneity occurs, the true significance level of P tests 
performed on interaction and treatment mean squares of the 
combined analysis is less than that indicated by the tabular 
P value. They suggest an F test of the interaction against 
the pooled error, using (t-1) and n degrees of freedom, where 
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t is the number of treatments and n is the error degrees of 
freedom in the experiment with the highest error variance. 
The foregoing comments on significance levels of tests in 
combined analysis also pertain to subsequent soil test, 
leaf composition, and yield data. 
In the present case, the test of the site x lime inter­
action using 7 and 14 degrees of freedom was significant 
at the 0.05 probability level in 19^ 7 and 1968, but not in 
1969. The treatment mean squares were tested against the 
interaction mean squares in I967 and I968 using 7 and 14 de­
grees of freedom, and were found to be highly significant. 
Mean squares for linear lime, obtained by the regression of 
treatment means on corresponding lime rates and multiplying 
the resultant regression sums of squares by the number of 
observations per mean, were highly significant and accounted 
for most of the treatment sums of squares. Since the mean 
square for interaction remained somewhat larger than that for 
pooled error in I969» the test of lime effects was performed 
as in the previous years. The treatment mean squares were 
much smalleii but the linear effect of lime was again sig­
nificant. 
The observed Influence of lime in Increasing ammonifiable 
N is consistent with reports reviewed previously. Although 
the ammonium Incubation test has been observed to be less 
accurate than the nitrate Incubation test (Voss, I969)* the 
effects of lime were great enough to be highly significant at 
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sites with initial pH ranging from 5»55 to 6.20. Much of the 
increase in ammonifiable N appeared to be associated with lime 
rates in excess of those normally applied. The trend in sig­
nificance of lime effects across the 3-year period clearly 
support the previous findings that increased mineralization 
of organic N after liming is a relatively short-term event. 
Significant differences among sites in response to lime may 
have been due to initial pH level and/or the amount of organic 
N available for mineralization. 
Available P 
Results of the soil tests for P indicated that lime tended 
to increase P availability at some locations (Tables 5 and 8). 
However, the measured effect was much smaller than that ob­
served for ammonifiable N, and increased rather than decreased 
with time after application of lime. 
In 1967, the linear effect of lime was negative and sig­
nificant at site 7» The significance of a negative quadratic 
effect of lime at site 10 was reduced by adjustment for 
initial soil test values ( and ipH). None of the treatment 
means differed by the LSD from the control mean at site 7 be­
cause of the slightly larger 'pure error* used in this statis­
tic. Most of the reduction in available P occurred with the 
two highest lime rates. One reason for this reduction may 
have been neutralization of the acid extracting solution by 
free lime at the high treatment levels employed. If time had 
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Table 8, Regression coefficients, values, and standard er­
rors obtained by fitting equation (1) to available 
P data from individual sites in each year 
Eegression coefficients 
Site to b^ (B) bgCL)* b^ CL^ ) SE 
1967 
1 44.828 2.5625 -0.0464 O.O39I+++ 
0.034 12.222 
2 27.168 2.2500 -1.4605* 0.221 10.239 
4 21.812 2.I250++ -0.0548 0.090 6.274 
5 29.307 0.3125 -0.0333 0.002 8.701 
6 24.529 1.1250 -O.2323+++ 0.148 5.833 
7 36.190 1.3125 -0.3240* 0.293 5.647 
8 19.858 0.3750 0.0598 
0.0457+t 
0.014 6.190 
9 74,001 -3.0625 -1.5697+++ 0.184 12.049 
10 20.224 1.8750+ 0.9296* -0.0280*0 0.247 5.946 
11 35.915 4.8750* 0.1411 
0.0174+ 
0.205 9.007 
12 38.786 I.8I25 -0.4997 0.117 6.851 
1 54.147 0.2500 0.1973++ 0.085 
2 34.210 
-2.3750 -0.0362 0.033 
4 22.611 1.5625++ O.I147++ 0.217 
5 44.149 -2.9375* 0.0472 0.177 
6 30.770 1.0625 0.1075 0.051 
7 27.247 4.8125** —0.0168 0.340 
8 35.353 -1.3750^ 0.0146 0.0410++ 
0.035 
9 70.572 -3.0000+ 1 14 0.181 
10 19.619 2.7500* 0.1329+++ 0.336 
11 52.373 -0.4375 1.0060+ -0.0251 0.082 












E^C's for L and are based on units of 10"^  (lb 
ECCE/A). 
EC significant at the 0.20 probability level in 
equation (2). 
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Table 8. (Continued) 
Segression coefficients 
Sites bg bi(B) bgCLya bjCLZ) E2 SE 
i2âl 
1 41.350 3.8750* -0.0680 0.187 7.238 
2 23.168 O.8I25 0.4257*** 0.434 6.205 
4 24.438 0.1875 0.5123*** 0.601 5.048 
5 40.782 -1.2500 O.223O++ 0.144 6.087 
6 25.508 1.2500+ 0.2616* 0.294 4.233 
7 20.714 6.1250** 0.1452+® 0.417 6.587 
8 39.485 -1.8125++ 0.0887 0.096 5.707 
9 06.962 -3.75OO+++ 0.3294* 0.274 8.261 
10 37.113 -3.0625* 0.3982*** 0.518 5.308 
11 45.775 3.0625 0.7786+++ 0.177 20.946 
12 36.851 2.4375++ 0.1775^  0.152 7.174 
°RC significant at the 0.05 probability level in 
equation (2). 
permitted, this possibility could have been tested using a 
laboratory method designed for calcareous soils. However, 
this was not done because of insufficient time and the fact 
that another comparison of lime effect on P availability was 
provided by leaf analysis data. The average values of avail­
able P for all sites did not indicate any depression by high 
lime rates. 
In the second year, negative effects of lime on avail­
able P were not observed. Small increases in soil test values 
for P occurred at some locations, but these were significant 
mainly at probability levels >0.10. The significance of a 
positive, linear lime effect at site 12 was reduced when 
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initial soil test values were held constant. As in I967, the 
overall averages indicated no differences among the treatment 
means. 
In 1969, the linear effect of lime was positive and sig­
nificant at sites 2, 4, 6, 9, and 10. After adjustment for 
initial soil test values, the linear lime effect was signifi­
cant also at site 7, Among these locations, meaningful rela­
tionships "between lime and available P were more apparent at 
sites 2, 4, and 10. At site the 4,000 to 32,000 lb/A 
rates increased available P by 8 to 20 pp2m. Significant 
increases of approximately 13 pp2m available P resulted from 
the three highest levels of lime at sites 2 and 10. Average 
treatment means for I969 were essentially the same for all 
levels of lime, except for the 24,000 and 32,000 lb/A rates, 
which were approximately 19^  higher than the control at 
39 pp2m. 
Results of the combined analysis of variance for avail­
able P are presented in Table 9» Average treatment effects 
among sites were apparently similar enough that site x lime 
interactions were small in comparison with the pooled error. 
In view of this, mean squares for lime were tested against 
a mean square based on combined sims of squares for pooled 
error and S x L, since both of these terms are believed to 
be estimates of the same error. The resultant value was com­
pared with a tabular P value for 7 and 14 degrees of freedom. 
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Table 9» Combined analysis of variance of available P for 







1967 1968 1969 
Sites (S) 7 4652.191*** 3595.923*** 2902.432*** 
Blocks 16 85.250 112.406* 108.536** 
Lime treatments (L) 7 135.409++ 40.902 200.029*** 
Linear L 1 205.214++ IIO.37I++ 1212.929*** 
Lack of fit 6 123.775++ 29.324 31.2124 
S X L 49 58.542 54.986 43.444 
Error^  112 86.110 55.951 47.617 
S^ites 6, 10, and 11 omitted. 
P^ooled error variances are heterogeneous. 
Treatment effects were found to be significant only in the 
last year. Linear lime accounted for most of the treatment 
sum of squares. 
In summary, the effects of lime on available P became 
apparent primarily in the third year of experimentation. 
Small negative relationships between lime and soil test values 
for P at some locations in 196? did not constitute sufficient 
evidence to conclude that P availability was actually sup­
pressed during the first growing season. There was little 
indication of treatment effects in 1968, but in I969 linear 
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increases in available P were meaningfully significant at 
approximately one-fourth of the sites. Soils at these lo­
cations tended to "be low in ip. There was no relationship 
between and site differences in response. Since most of 
these soils had ^ pH values above 5*5# it is presumed that in­
creased mineralization of organic P was a greater factor in 
raising the available P level than was hydrolysis of aluminum 
and iron phosphates after lime application. If this is true, 
it would appear that lime influences the mineralization process 
for organic P more slowly than for organic N. 
Exchangeable K 
Lime treatments generally had little effect on soil test 
values for K (Tables 5 and 10). While there was a tendency 
for exchangeable K to decrease with high lime rates at some 
sites, treatment effects usually were not significant. In 
1967, the significance of the decline in exchangeable K from 
applied lime at site 4 was reduced by adjustment for variation 
in initial soil test values for K. At site 10 in the first 
year, the linear treatment effect was significantly positive, 
but did not constitute a meaningful trend. Significance re­
sulted largely because of a unusually small standard error. 
In both 1968 and I969, treatment effects were not significant 
at any site. 
The combined analysis for available K at eight sites 
(Table 11) indicated that large differences existed among 
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Table 10. Regression coefficients, E values, and standard 
errors obtained by fitting equation (1) to ex­




b]^ (B) bgtL); R' SE 
1967 
1 147.481 1.6875 0.9324 -0.0200 0.021 
2 80.086 12.1250*** 0.0214 ^  0.516 
4 221.463 - 1.1250 -0.8286*° 0.181 
5 125.159 - 9.3750** -0.4341+++ 0.390 
6 141.567 0.9375 0.9306 -0.0388 0.044 
7 247.438 49.8750* —1.4646 
0.0266+ 
0.217 
8 77.287 1.0000 -0.8657+ 0.095 
9 235.607 - 8.5000+ -0.9877++ 0.164 
10 73.601 1.1875"^  0.1157* 0.273 
11 122.431 0.2500... -0.0927 0.007 
12 192.510 -11.6875^  0.0737 0.152 
1 225.880 0.4375 
1968 
0.6873^  0.047 
2 96.714 19.9375??? 0.2810+ 0.610 
4 323.162 -14.8750+++ -0.8882++ 0.195 
5 170.933 - 5.6250+ -0.2599^  
-0.0534+ 
0.082 
6 197.935 3.1875 1.3019+ 0.097 
7 179.612 86.8750** -1.9178 0.0206 0.429 
8 119.602 5.0625++ =0.2136 0.123 
9 269.741 -18.4375+++ -0.2825 0.170 
10 118.228 - 2.6250 -0.2665 0.060 
11 220.574 - 5.0625 1.3494 0.028 























s for L and are based on units of 10~5 (lb 
ECCE/A). 
significant at the 0.20 probability level in 
equation (2). 
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Table 10. (Cont inued) 
Regression coefficients 
Site "bQ bgtD* SE 
I2âl 
1 211.890 2.5000 -O.7713++ 0.093 
2 99.832 3.0625+ 0.2852++ 0.153 
4 231.725 3.4375^  -0.9847+++ 
0.0682++ 
0.173 
5 160.413 - 5.5OOO++ -I.8709++ 0.174 
6 153.671 11.8125* 2.3185++ -0.0941++ 0.346 
7 218.108 69.8750** -2.8841 0.0312 0.372 
8 105.877 13.8125** -0.3075 0.394 
9 288.061 -26.7500*** -0.1648 
-O.O627+++ 
0.560 
10 143.848 - 7.3125+++ 1.6643++ 0.271 
11 196.037 - 7.5000 2.1338+ 0.081 












sites and blocks in their effect upon soil test values for K. 
Site X lime interactions were small and treatment effects 
failed to be significant. 
It was anticipated that at the high rates of applied 
lime, Ca might displace a sufficient quantity of K on the soil 
exchange complex so as to reduce the measured level of ex­
changeable K. This apparently did not happen. The explana­
tion presumably involves a combination of factors such as 
(1) the progressive decrease in solubility of CaCO^  with con­
comitant increases in lime rate and pH, (2) sufficiently high 
CEC*s and indigenous soil K levels, and (3) the presence of 
residual K fertilizer. Among soils with lower initial ex­
changeable K, the soil test values for K tended to increase 
Table 11, Combined analysis of variance of exchangeable K for eight experiments* 







1967 1968 1969 
Sites (S) 7 162739.688*** 129035.625*** 126566.313*** 
Blocks 16 3668.041*** 12742.414*** 7747.500*** 
Lime treatments (L) 7 1344,711 1138.589 830.135 
Linear L 1 3783.594++ 1088.104 3290.479++ 
Lack of fit 6 938.230 1147.003 420.077 
S X L 49 681,593 844.504 900.839 
Error^  112 1670.511 2120.399 1612.656 
®Sites 6f 10, and 11 omitted# 
P^ooled error variances are heterogeneous. 
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at all treatment levels, presumably "because of applied K. The 
soil test method used utilizes a "buffered extracting solution 
and should not have been subject to error from the presence 
of CaCO|^ . However, it is noted that the average standard 
error for exchangeable K was somewhat larger thsai for ammonifi-
able N or exchangeable P. 
Leaf Analysis 
The relationships between lime treatments and concentra­
tions of various nutrients in com leaves were evaluated by 
procedures similar to those used for analyzing soil test 
values. Analysis of variance and regression analyses were 
again computed for individual site data within each year. An 
AOV was also obtained for leaf N, P, and K data respectively 
combined in each year from eight sites where yields were 
measured in all 3 years of the experimental period. 
Regression equations 1 and 2 were fitted to data for N, 
P, and K in the manner previously described for soil test 
values. A third equation (3) involving all initial soil test 
values, stand (S) and "barrenness (Ba) as covariates was also 
fitted. Barrenness was omitted from this equation if the re­
gression of Ba on blocks and lime treatments indicated an L or 
effect to be significant at pro"bability levels <0.30. Co-
variate effects on the significance of L or were considered 
invalid if none of the terms were significant at probability 
levels <0.30 or if the additional regression mean squares 
82 
due to the covariates as a group failed to be significant 
at probability levels <0.10. The appropriate linear or 
quadratic model was selected with consideration for covariates 
as discussed earlier. 
It was found that the covariates frequently did not alter 
the interpretation of lime effects. Also, the contributions 
of individual covariates were often difficult to interpret 
because of various intercorrelations among these terms. For 
these reasons, only important covariate effects sure reported. 
These are indicated as footnotes in tables presenting the 
selected equation (1) and are referred to in terms of equation 
(2) or (3)» Covariates were omitted in the investigation of 
lime effects on the concentration of Ca, Mg, and certain micro-
nutrients measured. 
Nitrogen 
The previously reported Increase in ammonif lable N with 
lime rate suggested that in some cases, a substantial in­
crease in N availability occurred in the first two years after 
lime application. However, this effect of lime was only 
partially reflected in levels of leaf N (Tables 12 and 13). 
In 1967, the linear effect of lime on ^  N was positive and 
highly significant at sites 10 suid 12. At site 10, the rela­
tionship between lime level and % N was somewhat Irregular and 
did not improve when covariates were held constant (equations 
2 and 3)» Most of the Increase in # N resulted from 
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Table 12. Mean concentrations of N, P, and K In com leaves 
for the respective lime treatments at individual 
sites in each year 
ECCE ^^  ^
A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
Site 1 
0 2.81 3.44 3.05 0.274 0.298 0.30 1.75 2.47 3.4 
1 2.77 3.45 2.94 0.268 0.295 0.29 1.74 2.44 3.4 
2 2.83 3.49 3.00 0.274 0.290 0.29 1.72 2.50 3.3 
4 2.87 3.48 2.99 0.274 0.302 0.30 1.82 2.54 3.4 
8 2.86 3.44 2.92 0.285 0.264 0.30 1.75 2.47 3.3 
16 2.84 3.45 3.06 0.278 0.281 0.30 1.81 2.50 3.3 
24 2.83 3.46 3.01 0.269 0.287 0.31 1.71 2.44 3.4 
32 2.84 3.47 3.05 0.282 0.287 0.32 1.74 2.48 3.3 





0 2.64 2.53 2.56 0.334 0.262 0.27 1.65 1.66 2.4 
1 2.61 2.53 2.58 0.322 0.268 0.27 1.62 1.70 2.4 
2 2.60 2.50 2.61 0.330 0.281 0.25 1.62 1.72 2.4 
4 2.58 2.61 2.40 0.328 0.285 0.26 1.60 1.58 2.3 
8 2.62 2.60 2.65 0.320 0.264 0.29 1.61 1.66 2.5 
16 2.54 2.66 2.59 0.317 0.273 0.29 1.56 1.63 2.3 
24 2.60 2.56 2.53 0.328 0.279 0,30 1.65 1.71 2.4 
32 2.60 2.67 2.56 0.323 0.282 0.30 1.60 1.68 2.4 
LSD — - - - - 0.04 - - -
Site 4 
0 2.52 3.00 2.95 0.255 0.245 0.27 1.69 2.07 2.8 
1 2.48 2.89 2.87 0.253 0.254 0.26 1.73 2.13 2.7 
2 2.47 2.89 2.85 0.257 0.251 0.28 1.67 1.96 2.6 
4 2.55 2.91 3.02 0.260 0.254 0.29 1.65 2.03 2.6 
8 2.38 2.90 2.98 0.250 0.265 0.29 1.63 2.09 2.8 
16 2.45 2.95 3.00 0.255 0.258 0.29 1.63 1.90 2.6 
24 2,45 2.97 3.18 0.264 0.258 0.30 1.54 1.95 2.5 




- - 0.03 - - — 
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Table 12. (Continued) 
ECOE ^^  ^
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
Site 5 
0 2,54 3.04 3.06 0.246 0.290 0.26 1.61 2.09 2.4 
1 2.51 3.07 3.10 0.245 0.270 0.27 1.54 1.99 2.4 
2 2.63 3.10 3.10 0.251 0.282 0.28 1.59 2.03 2.5 
4 2.58 3.06 3.08 0.241 0.275 0.27 1.63 2.08 2.3 
8 2.58 3.06 3.11 0.247 0.277 0.28 1.60 1.99 2.3 
16 2.60 3.12 3.09 0.249 0.277 0.29 1.61 2.03 2.3 
24 2.59 3.11 3.11 0.249 0.264 0.28 1.65 2.04 2.3 
32 2.60 3.13 3.12 0.250 0.281 0.29 1.53 1.93 2.3 
LSD - 0.06 - - - 0.01 - 0.10 0.2 
Site 6 
0 2.66 2.39 3.34 0.243 0.206 0.30 1.74 2.33 2.9 
1 2.58 2.37 3.35 0.239 0.195 0.31 1.75 2.34 3.0 
2 2.61 2.34 3.31 0.241 0.193 0.32 1.74 2.27 3.0 
4 2.65 2.40 3.29 0.244 0.196 0.32 1.73 2.24 3.0 
8 2.61 2.37 3.31 0.243 0.195 0.31 1.76 2.31 2.8 
16 2.69 2.43 3.31 0.241 0.199 0.35 1.67 2.15 2.8 
24 2.68 2.38 3.31 0.241 0.198 0.35 1.70 2.19 2.8 
32 2.66 2.45 3.32 0.239 0.209 0.36 1.67 2.11 2.8 
LSD — 0.07 - - - 0.02 - 0.15 0.2 
Site 7 
0 2.97 2.69 3.18 0.257 0.211 0.27 2.03 2.42 3.0 
1 2.61 2.73 3.14 0.262 0.222 0.27 1.93 2.50 3.0 
2 2.62 2.73 3.17 0.256 0.224 0.27 1.84 2.41 2.8 
4 2.66 2.64 3.19 0.257 0.214 0.28 1.88 2.37 2.7 
8 2.64 2.68 3.13 0.257 0.221 0.28 1.93 2.27 2.8 
16 2.60 2.73 3.14 0.263 0.221 0.28 2.00 2.40 2.8 
24 2.68 2.73 3.13 0.254 0.224 0.28 1.88 2.53 2.7 
32 2.69 2.74 3.15 0.258 0.224 0.29 1.91 2.45 2.6 
LSD — — — — » — — _ 
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Table 12. (Continued) 
ECCE 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 




































0 3.03 3.09 2.32 0.274 0.242 0.22 1.58 2.02 2.4 
1 3.00 3.09 2.31 0.281 0.244 0.21 1.51 1.97 2.4 
2 3.03 3.04 2.41 0.278 0.245 0.22 1.52 1.91 2.4 
4 2.98 3.11 2.51 0.274 0.251 0.24 1.51 1.90 2.4 
8 3.19 3.07 2.50 0.298 0.245 0.24 1.52 1.92 2.4 
16 3.09 3.06 2.49 0.285 0.244 0.24 1.52 1.90 2.4 
24 3.07 3.20 2.84 0.278 0.258 0.28 1.59 1.85 2.5 
32 3.10 3.18 2.81 0,276 0.260 0.27 1.55 1.84 2.5 
LSD - 0.11 0.40 — 0.012 0.04 0.14 
Site 9 
0 2.73 3.04 3.13 0.261 0.266 0.31 2.18 2.53 3.3 
1 2.76 3.04 3.16 0.271 0.269 0.31 2.10 2.43 3.3 
2 2.84 3.09 3.06 0.278 0.267 0.30 2.12 2.49 3.2 
4 2.83 3.04 3.11 0.276 0.263 0.31 2.19 2.47 3.3 
8 2.81 3.08 3.17 0.273 0.275 0.31 2.10 2.36 3.3 
16 2.78 3.07 3.06 0.276 0.272 0,32 2.15 2.36 3.2 
24 2.92 3.04 3.11 0.289 0,270 0.32 2.05 2.49 3.2 
32 2.74 3.07 3.07 0.274 0.279 0.33 2.04 2.31 3.2 
LSD - - - - 0.007 0.02 0.10 - 0.2 
S^ites 7N and 12N represent plots at sites 7 and 12 which 
received an additional 100 lb/A of N fertilizer. 
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Table 12. (Continued) 
% N % P % K ECCE 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 
Site 10 
0 2.35 2.68 _ 0.161 0.257 M 0.95 1.06 
1 2.29 2.64 — 0.162 0.255 — 1.06 1.01 — 
2 2.39 2.72 - 0.160 0,252 — 1.04 0.89 — 
4 2.35 2.76 - 0.160 0.259 - 0.87 0.87 -
8 2.33 2.72 0.156 0.258 M 1.08 0.91 
16 2.39 2.71 - 0.161 0,259 ' — 0,96 0.87 — 
24 2.42 2.71 - 0.168 0.275 — 1.05 0.94 
32 2.46 2.70 - 0.168 0,266 — 1.08 0.94 — 
LSD 0.12 - — - - - 0.12 - -
Site 11 
0 2.79 3.06 3.20 0.264 0.317 0.28 1.43 2.23 2.5 
1 2.82 3.07 3.18 0.265 0,324 0,28 1.52 2.26 2.5 
2 2.85 3.08 3.18 0.268 0.311 0,28 1.45 2,16 2.4 
4 2.82 3.11 3.24 0.263 0.315 0,30 1.42 2,16 2.4 
8 2.88 3.10 3.19 0.273 0.315 0,28 1.43 2,18 2.4 
16 2.84 3.09 3.17 0.268 0.321 0,28 1.35 2.17 2.4 
24 2.82 3.12 3.16 0.276 0.318 0,30 1.35 2.17 2.8 
32 2.88 3.15 3.11 0.268 0.317 0,28 1.39 2.08 2.3 
LSD - 0.09 0.12 - - - 0.16 -
Site 12 
0 2.40 3.35 3.26 0.196 0.302 0.29 2.00 2.38 3.1 
1 2.44 3.35 3.28 0.200 0.295 0,29 2.01 2.38 3.2 
2 2.41 3.34 3.29 0.205 0.289 0.30 2.13 2.36 3.2 
4 2.57 3.35 3.26 0.217 0.318 0,30 2.29 2.41 3.2 
8 2.57 3.35 3.33 0.213 0.312 0,31 2.23 2.43 3.2 
16 2.63 3.41 3.28 0.211 0.306 0,31 2.14 2.40 3.2 
24 3.37 3.34 0.220 0.304 0.32 2.23 2.34 3.1 
32 2.68 3.41 3.22 0.221 0.311 0.31 2.32 2.43 3.2 
LSD 0.18 Q. 09 - 0.019 - 0.02 0.30 -
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Table 12. (C ontinued) 
N JUL ECCE 
/A 1967 1968 1969 1967 1968 1969 1967 1968 1969 





































0 2.64 2.94 3.01 0.251 0.263 0.28 1.69 2.11 2.8 
1 2.62 2.93 2.99 0.252 0.263 0.28 1.68 2.10 2.8 
2 2.66 2.94 3.00 0.254 0.262 0.28 1.68 2.06 2.8 
4 2.68 2.95 3.01 0.254 0.267 0.29 1.69 2.06 2.8 
8 2.68 2.94 3.03 0.256 0.263 0.29 1.69 2.05 2.8 
16 2.68 2.97 3.02 0.255 0.265 0.30 1.67 2.03 2.7 
24 2.69 2.97 3.07 0.258 0.267 0.30 1.67 2.06 2.8 
32 2.71 2.99 3.04 0.257 0.270 0.31 1.68 2.02 2.7 
e^ans for I969 do not include sites 7N and 12N. 
the 24,000 and 32,000 lb ECCE/A rates, but the means for 
these treatments failed to differ by the LSD from the control 
means. At site 12, somewhat more consistent increases in 
% N were observed at rates of 4,000 to 32,000 lb ECCE/A. 
However, because of a larger standard error, only the mean 
% N for the 16,000 and 32,000 lb/A rates of lime represented 
an increase greater than the LSD. This increase was 
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Table 13, Regression coefficients, R values, and standard 
errors obtained by fitting equation (1) to leaf N 
concentrations from individual sites in each year 
Regression coefficients 
5ite 0^ (^B) bgtL)* b3(L)2 R^  SE 
i2âl 
1 2,8376 -0.0131 4,8614+ -0.1350+ 0.131 0.0518 
2 2.6543 -0.0163 - 5.4664+ 0.1482 0.095 0.0735 
4 2.2996 0.1075** -12.8481+ 0.4512++ 0.349 0.1463 
5 2.4912 0,0369* 1.5439+ 0.284 0.0567 
6 2,6231 0.0013 2,2222-^ ++ 0.139 0.0530 
7 2.7407 -0,0699** 2.6736++ 0.384 0.0823 
8 3.0249 0,0050 2.63O8++ 0.094 O.O9O8 
9 2.8273 -0.0313+ 11.2104++ -0.3460++ 0.174 0.0973 
10 2.3571 -0.0119 3.6282** 0.328 0.0644 
11 2.8098 0.0069 1.1993++ 0.116 0.0430 
12 2.5114 -0.0269 6,7704** 0.409 0.1036 
1968 
1 3.4578 —0,0006 0.2452 0.002 0.0622 
2 2.2283 0,1588* 3.2533 0.258 0.2451 
k 2.9338 -0,0044 - 0.2724 0.005 0.0746 
5 3.0722 -0.0056 2.8368** 0.416 0.0344 
6 2.3210 0.0244* 2.4679* 0.350 0.0433 
7 2.6522 0.0200++ 1.7507++^  0.152 0.0604 
8 3.0741 -0.0044 3.9091*® 0.269 0.0711 
9 3.1372 -0.0406** 0.2600 0.298 0.0546 
10 2.5541 0.0731*** 0.3448 0.488 0.0656 
11 3.0943 -0.0119 2,3079* 0.253 0.0508 
12 3.2277 0.0594*** 1.8l32*c 0.602 0.0459 
ECCE/A). 
b 
R^C*s for L and are based on units of 10"^  (lb 
Significant at the 0,05 probability level in equation (3), 
S^ignificant at the 0,10 probability level in equation (2), 
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Table 13. (Continued) 
Begression coefficients 
5ite bo bl(B) bgfL)* SE 
1 3.0669 -0.0425+"+"+ 
1969 
1,8506+ 0,184 0.0904 
2 2.2666 0.1463*** - 0.0296 0.584 0.1078 
4 2.9172 0.0013 5.9640+++ 0.155 0.1680 
5 3.1156 -0.0150+++ 1,1963++ 
0.1669b 
0,233 0.0323 
6 3.4136 -0.0425+++ - 4.4063 0,182 0.0838 
7 3.2859 -0.0613* - 1.0351 
-0.4492"+-+" 
0.257 0.0929 
7N 3.2742 -0.0075 11.7770++ 0.109 0.1035 
8 2.8635 -0,2544*** 16.9288*** 0.648 0.2133 
9 3.1842 -0,0294+++ - 1.4386++ 0.227 0.0566 
11 3.1817 0,0119 - 2.5207* 0.209 0.0622 
12 3.2466 0,0081 7.7IOO++ -0.2598+++ 0.156 0.0661 
12N 3.3602 0,0206 - 4.0048"^  0.140 0.1296 
approximately 11^  of the control level of 2.40# N, Treatment 
means averaged over all sites in the first year indicated a 
small, relatively consistent increase in N level with lime 
r a t e  f r o m  Z , 6 k %  f o r  t h e  c o n t r o l  t r e a t m e n t  t o  a  — o f  
2,71# N for the highest lime treatment. 
Changes in # N with lime levels were somewhat incon­
sistent in the second year. The linear effect of lime was 
positive and significant at sites 5, 6, 8, 11, and 12. When 
all covariates were held constant (equation 3)t this effect 
was significant also at site 7. Adjustment for _in and 
(equation 2) resulted in reduced significance levels at sites 
8 and 12. At site 6, the % N for the control did not differ 
significantly from that for any other treatment. Significant 
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Increases In ^  N at sites 5 and. 11 were associated with one 
or more of the lime rates above 8,000 lh/A« The magnitude 
of increase was on the order of 0.08^  N. Second-year means 
for all treatments indicated that lime generally had little 
influence on ^  N. However, the average % N was nearer the 
desired level for maximum yield at the control treatment level 
than in the previous year. Presumably, smaller lime effects 
on JS N of leaves in I968 were due to higher leaf N levels at 
which concentration of the nutrient changes less with given 
increases in availability. These higher N levels may have 
been partly due to residual fertilizer effects, but appeared 
In some cases to be related to more favorable soil moisture 
conditions prior to leaf sampling. The stress index summa­
tion for the 3 weeks prior to 75^  silking averaged 24l and 
96 in 1967 and I968, respectivGly, at sites where an increase 
occurred in the N content of leaves from plants grown on 
unlimed plots (Appendix Table 56). 
In 1969, no leaf analysis data were obtained for site 10 
because of crop destruction by hail. The linear lime effect 
on ^  N was significant at sites 8 and 11. The quadratic effect 
of lime was significant at site 6 when all covariates were 
held constant (equation 3)* The relationship between lime 
and % N was positive at site 8, but negative at sites 6 and 
11. At site 8, a significant Increase of approximately 0.50 
% K was associated with the 24,000 and 32,000 lb ECCB/A rates. 
At site 11, a significant trend of declining % N with increasing 
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lime rate occurred mainly as a result of the highest levels of 
lime. However, differences between mean % N for the control 
and the 32,000 lb/A rate failed to equal the LSD value of 
0.12#. 
Reasons for the drop in # N with heavy lime application 
at site 11 are not clear. This decline might be attributed 
to a reduction in N mineralization resulting from some deple­
tion of organic N after lime-induced microbial activity. 
However, this does not coincide with ammonifiable N data pre­
sented earlier. 
An auxiliary treatment factor of N fertilizer was used 
at sites 7 and 12 in I969 to determine if corn response to 
lime would be influenced by greater N fertilization. Split-
plot application of an additional 100 lb/A of N as side-
dressed NHi^ NO^  appeared to increase the concentration of N 
in com leaves somewhat. Since % N did not increase with lime 
rate at these sites in I969, the additional N treatment failed 
to clarify the relationship between N availability smd yield 
increase due to lime. 
As in 1968, treatment means for combined site data in 
1969 showed little effect of lime on % N. Stress index values 
for the 3-week period prior to silking were very smsûLl. 
A combined AOV of # N for eight experiments was computed 
in the manner discussed previously for soil test values 
(Table 14 ). Error variances were again found to be hetero­
geneous according to Bartlett's Test. Consequently, the 
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Table 14. Combined analysis of variance of ^ N in com 







1967 1968 1969 
Sites (S) 7 0.894602*** 2.128941*** 1.835635*** 
Blocks 16 0.024785*** 0.034008** 0,110863*** 
Lime treatments (L) 7 0.019322++ 0.009980 0.032870++ 
Linear L 1 O.085049** 0.063168* 0.176139** 
Lack of fit 6 0.008368 0.001113 O.OO8992 
S z L 49 0.009066 0.004253 0.022385++ 
Error^  112 0.008836 0.013882 0.014106 
®8ites 6, 10, and 11 omitted. 
P^ooled error variances are heterogeneous. 
ezact significance level of calculated P values is not known. 
With the previously discussed restriction of 7 and 14 degrees 
of freedom to compensate for error heterogeneity, the P 
tests for site x lime interactions were not significant in 
any of the 3 years. Therefore, mean squares for treatments 
were tested against a mean square based on combined sums of 
squares for pooled error and S z L. The resultant F values 
were not significant in any year. However, linear lime 
accounted for most of the treatment effect and was apparently 
significant in each year. Site and block effects were com­
paratively large in all years. 
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Leaf N data as well as anmonlflable N test results sug­
gested that lime increased N availability to com primarily 
in the first two years after lime application. The magnitude 
of treatment differences was greatest in I967, when the % N 
at the control treatment level was, on the aversige, sub­
stantially less than optimum. One or more of the three 
highest lime rates generally contributed most of the lime 
effect, with average maximum increases of 0,07 and 0,05% N 
occurring at the 32,000 lb/A rate in 196? and I968. In the 
third year, the N concentration of leaves from plants grown 
on unlimed plots was usually above 3.00^ , and the influence 
of lime was inconsistent, with an apparent negative effect in 
one case. Quadratic lime effects, with one exception in I969, 
were not significant in any year. 
Phosphorus 
Lime tended to increase the concentration of P in com 
leaves, but most of this effect appeared in the third year 
after lime application (Tables 12 and 15)* In 196?, the 
linear increase in ^  P with lime rate was significant at site 
12 mainly because of the two highest levels of lime. The 
significance of L was reduced in equations (2) and (3) after 
adjustment for ^  and other covariates. On the other hand, 
adjustment for covariates (equation 3) at site 4 resulted in 
a significant, positive linear lime effect on % P. First-
year treatment means averaged over all sites indicated a 
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Table 15« Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to leaf P 
concentrations from individual sites in each year 
Regression coefficients 
Site bQ bi(B) bgCL)* b^ CL^ ) R^  SE 
1262 
1 0.2766 -0.0015 0.1648 0.055 0,0096 
2 0.3322 -0.0014 -0.9559+ 0,0251 0.075 0,0127 
4 0.2270 0.0134** 0.3134+T 0.401 0,0150 
5 0.2467 -0.0004 0.1547+ 0.079 0,0055 
6 0.2326 0.0048** -0.0944 0.320 0.0062 
7 0.2527 0.0029+ -0,0419 
-O.O59I+++ 
0.076 0.0089 
8 0.2751 0.0006 1.6414+++ 0.179 0.0107 
9 0.2790 -0.0039+ 0.3456++ 0.166 0.0118 
10 0,1620 -0.0013 0.2479+ 0.059 0.0128 
11 0.2750 -0.0054* 0.7965++ -0,0199 0.318 0.0084 
12 0.1963 0.0038++ 0.5884**0 0.335 0.0112 
1968 
1 0,3005 -0.0018 -2.2968* 0,0668+++ 0.212 0.0145 
2 0.2611 0.0049 0,3013 
-0,0348+++^ 
0.038 0.0289 
4 0.2459 0.0019 1,2835* 0.246 0.0083 
5 0.2788 0.0017 -1,5284 0,0507 0,066 0.0171 
6 0.1988 0.0003 -1,0034++ 0,0536+++ 0,257 0.0077 
7 0.2122 0.0028++ 0,2304++ 0,192 0.0071 
8 0.2466 -0.0016 0,5225*** 0,430 0.0068 
9 0.2680 -0.0007 0,3224** 0.354 0.0052 
10 0.2605 —0.0028 0,4745-^ 0,187 0.0130 
11 0.3195 -0.0014 0,0449 0,022 0.0088 
12 0.2965 0.0024 0,2800 0,067 0.0151 
SRC's for L and are based on units of 10"^  (ib 
ECCE/A). 
S^ignificant at the 0.05 probability level in equation 
(2) or (3). 
S^ignificant at the 0,20 probability level in equation 
(2) or (3). 
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Table I5. (Continued) 
Regression coefficients 
lite 0^ bi(B) bgCD^  b^ CLZ) R^  SE 
1969 
1 0.2980 -0.0025 0.7356** 0.377 0.0114 
2 0.2411 0.0119* 1.1660** 
-0.0546++"'^  
0.429 0.0208 
4 0.2765 -0.0025 2.5381* 0.374 0.0158 
5 0.2646 O.OO25++ O.8I65*** 0.565 0.0075 
6 3.2909 -0.0100** 1.9650*** 0.707 0.0133 
7 0.2840 -0.0050+"+-+ 0.4065+++ 0.284 0.0098 
7N 0.2742 0.0019 1.5446+++ -0.0445++ 0.214 0.0103 
8 0.2635 -0.0219*** 1.9312*** 0.659 0.0205 
9 0.3033 0.0013 0.5891** 0.370 0.0092 
11 0.2858 -0.0019 O.3O86+ 0.078 0.0139 
12 0.2845 0.0019 3.0907*** -0,0745*** 0.751 0.0072 
12N 0.2933 0.0005 0.8451*** 0.603 0.0084 
small but consistent increase in JS P with lime level repre­
senting a maximum of about 0.007^  P at the 24,000 and 32,000 
lb/A rates. 
In 1968, small negative effects of lime on ^  P were ob­
served at sites 1 and 6, but these failed to attain signifi­
cance at the 0,05 probability level. Linear increases in # P 
with lime level were highly significant at sites 8 and 9* 
After adjustment for initial soil test values (equation 2), 
the quadratic effect of lime was significant at site 4. 
The 24,000 and 32,000 lb/A rates accounted for most of the 
increase in ^  P at site 8. Treatment effects were somewhat 
irregular at site 9, with increases in ^  P in excess of the 
LSD at the 8,000 and 32,000 lb/A rates. Significant changes 
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in the P concentration of leaves at these sites ranged from 
0.009 to 0.018^ . Treatment means for combined site data in 
1968 again indicated a small increase in P level amounting 
to 0.004 to 0.007# P at the highest lime rates. 
The # P at the control treatment level was somewhat 
higher in the third year, presianably because of residual 
fertilizer and generally more favorable soil moisture con­
ditions. The linear effect of lime was positive and sig­
nificant at all sites except 7, 7N, and 11. The quadratic 
effect of lime was negative and significant at site 12 and, 
after adjustment for covariates (equation 3)# also at site 4. 
Significant increases in # P were associated with lime rates 
> 8,000 lb/A. The magnitude of these changes in P concentra­
tion ranged from 0.02 to O.O6# P. Overall treatment means 
in the last year gave evidence of greater lime influence 
than in I967 and I968. Again, however, the significant in­
creases in # P were associated with lime rates of 16,000 to 
32,000 lb/A. The average increase for these treatments was 
0.02# P, with the largest effect occurring at the highest 
level of lime. 
An AOV was calculated for combined % P data from eight 
sites as described previously (Table 16). Error variances 
were again heterogeneous. Site effects were large, but site 
X lime interactions were not significant in any year. Mean 
squares for lime treatments were tested against error mean 
squares based on combined S x L and pooled error terms. 
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Table 16, Combined analysis of variance of # P in com 






1967 1968 1969 
Sites (S) 7 0.025621*** 0.016066*** 0.012312*** 
Blocks 16 0.000291** 0.000127 0.000841*** 
Lime treatments (L) 7 0.000156 0.000195 0.002943*** 
Linear L 1 0.000678* 0.000676++ 0.018499*** 
Lack of fit 6 0.000071 0.000115 O.OOO35O++ 
S X L 49 0.000116 0.000189 0.000212 
Error^  112 0.000131 0.000250 0.000199 
®8ites 6, 10, and 11 omitted. 
P^ooled error variances are heterogeneous, 
using the restriction of 7 and 14 degrees of freedom. Only 
the P value for 1969 was significant. However, the test for 
linear lime was significant in I969, and also in 1967, due to 
a smaller error value. 
The influence of lime on P availability appeared more 
clearly in the leaf analysis than in the soil test results, 
even though both criteria indicated the same trend of effects 
with time. At sites where a slightly negative relationship 
appeared to exist between lime rate and soil test values for 
P and # P of com leaves in either of the first two years, 
there failed to be agreement between these parameters of P 
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availability. 
It was concluded that lime increased the P concentration 
in com leaves mainly at lime rates above those normally 
applied. Even though the % P was generally somewhat lower 
than optimum at the control treatment level in the first 
two years, most of the lime effect became apparent in the 
third year when the % P was higher at all treatment levels 
on the average. 
Potassium 
The influence of lime on the concentration of K in com 
leaves was negative in all but two instances where treatment 
effects were significant in the 3-year period. Changes in 
% K were generally small and somewhat inconsistently related 
to treatments (Table 12 and 17). Covariates more frequently 
influenced the significance level of treatment effects than 
in the cases of N and % P. 
In 1967f the linear effect of lime was negative and sig­
nificant at sites 9 and 11, and, following adjustment for 
covariates, also at site 6. The significance of changes in 
 ^K at site 9» associated with the two highest lime rates, 
was reduced by covariates (equation 3)« At site 11, where 
none of the treatment means differed from the control mean by 
the LSD, the quadratic lime effect became significant when 
covariates were Included in the model. The linear effect of 
lime was positive and significant at site 12, but this effect 
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Table 17. Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to leaf K 
concentrations from individual sites in each year 
Regression coefficients 
Site bg bi(B) bgCL)* b^ (L^ ) r2 SE 
12^  
1 1.7393 0.0056 3.4923 -0 .1372 0.013 0.1378 
2 
urn 
-0.0488* - 4.1196... 0 .1161 0.263 0.0766 
4 0.0081 - 3.4754+++ 
.3842++ 
0.174 0.0928 
5 1.5954 -0.0088 9.1485+ • -0 0.100 0.0872 
6 1.6223 0.0619** - 2.9880+++^  0.412 0.0731 
7 1.5964 0.1650** 1.1070 -0 .0694 0.334 0.2091 
8 1.5319 -0.0031 1.1776 , 0.043 0.0626 
9 2.2246 -0.0356+++ - 3.3344** 0.328 0.0717 
10 1.0728 -0.043I+++ 2.3173"++ 
.2505+B 
0.211 O.O9O8 
11 1.4868 -0.0044 -11.0823+++ 0 0.244 0.0868 
12 2.4897 -0.1963*** 6.4435*^ 
1968 
0.551 0.1704 
1 2.5169 -0.0150 - 0.4870 0.030 0.0811 
2 1.6198 0.0269 - 3.7817 0 .1359^ 0.086 0.0959 
4 2.1343 -0.0381++ - 4.1710+++ 0.225 0.1120 
5 2.0780 -0.0131 - 3.0859* 
.1198J 
0.216 0.0632 
6 2.3632 -0.0238 -10.7687+ 0 0.365 0.1058 
7 2.1168 0.1531 - 7.6881 0 .3723^ 0.358 0.1907 
8 1.8738 0.0431* - 4.3658^ 0.414 0.0726 
9 2.5389 -0,0331 -  3 .9697T.  
.3899+++ 
0.162 0,1248 
10 0.9655 0.0088 -13.2500+++ 0 0.167 0.0969 
11 2.1827 0.0156 - 3.3373+++ 0.143 0.1034 
12 2.5634 -0.0900*** 0.6298 0.590 0.0658 
®RC*s for L and are based on units of 10"^  (lb ECCE/A). 
S^ignificant at the O.O5 or 0.01 probability levels in 
equation (2) or (3), 
S^ignificant at the 0.10 probability level in equation 
(2) or (3). 
'^ Significant at the 0.20 probability level in equation 
(2) or (3). 
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Table 1?. (ContInued) 
Regression coefficients 
Site 0^ \iB) bgCL)® b^ CL^ ) SE 
1969 
1 3.4932 -O.O625+++ - 2.4862 0.192 0.1269 
2 1.9987 0.1938*** 0.1144 0.440 0.1909 
4 2.7343 -0.0250 - 3.4927++ 0.113 0.1331 
5 2.4765 -0.0375+ - 6.4865* 0.269 0.1207 
6 3.0147 -0.0313 - 8.8366* , 0.294 0.1379 
7 2.8263 0.0188 - 9.1418+++^  0.170 0.2183 
7N 2.4945 0.1406** - 7.8009* 0.481 0.1541 
8 2.3522 0.0125 2.6920+ 0.068 0.1172 
9 3.4000 -0.0500* - 3.8763*® 0.351 0.0858 
11 2.7135 -0.1250* 0.6704 0.235 0.1974 
12 3.3305 -O.O8I3** 0.6278 , 0.329 0.1019 
12N 3.1109 -O.O813** -16.8740* 0.4820*^  0.429 0.1052 
was largely reduced by adjustment for Ik. Treatment means 
averaged over all sites in the first year indicated a less-
than-optimum level of ^  K and little relationship between 
lime rate and % K. 
In 1968, the decline in ^  K with high lime levels was 
more distinct than in the first year. Linear reductions in 
% K with Increasing lime rate were significant at sites 5» 6, 
and 8. The quadratic effect of lime was significant at sites 
2, 6, and 7 after adjustment for covariates. 
The relationship between K level and lime treatment was 
particularly Irregular at site 5» where a decline in ^  K equal 
to or greater than the LSD of 0.10^  occurred at rates of 1,000, 
8,000, and 32,000 lb/A. Significant reductions of 0.18 to 
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to 0.22^  K were associated with rates of 16,000 to 32,000 
lb/A at sites 6 and 8, 
Treatment means averaged over all sites in I968 were 
higher than in the previous year, presumably because of 
greater moisture availability in most cases, as well as 
residual fertilizer effects. The decline in K concentration 
ranged from 0,05 to O.O9# at corresponding lime rates of 
2,000 to 32,000 lb/A. 
In 1969f the linear lime effect was negative and signifi­
cant at sites 5t 6, 7N, and 9# Also, the quadratic effect of 
lime was positive and significant at site 12N, However, the 
control mean % K did not differ by the LSD from other treat­
ment means at any of these sites. Covariates reduced the sig­
nificance level of the treatment effects at sites 9 and 12N, 
but increased the significance level of L at site ?• 
Overall treatment means were generally higher at all lime 
levels again in 1969 for reasons suggested previously. There 
appeared to be no reduction in IC concentration ezcept for a 
decline of 0.10# K at the 16,000 and 32,000 lb/A rates. Leaf 
analyses for all sites but 7N and 12N were performed at another 
laboratory, and the reporting of values to the nearest 0.1# 
may have obscured some small treatment differences. 
The error variances of % K were heterogeneous among sites 
in all years. An analysis of variance for combined data from 
eight sites in each year indicated no significant site x lime 
Interactions and no significant treatment effects (Table 18), 
except for linear lime in I969. Sites and blocks again 
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Table 18, Combined analysis of variance of ^ K in com leaves 







1967 1968 1969 
Sites (S) 7 1.453571*** 2.193410*** 4.130619*** 
Blocks 16 0.079171*** 0.040781*** 0.071510*** 
Lime treatments (L) 7 0.006993 0.014094 0.036480 
Linear L 1 0.000669 0.052089+++ 0.153909* 
Lack of fit 6 0.008047 0.007761 O.OI69OI 
S X L 49 0.011728 0.019857 0.016702 
Error^  112 0.017466 0.012867 0.022159 
•^Sites 6, 10, and 11 omitted. 
P^ooled error variances are heterogeneous. 
accounted for much of the variation in ^  K within years. 
In summary, lime tended to reduce the concentration of K 
in corn leaves in all years, but this effect, generally small, 
was most clearly observed in the second year. Reductions in 
 ^K at recommended lime rates contributed little to this trend. 
The influence of lime on K availability appeared to be related 
more to reduced plant uptake of K than to reduced quantities 
of K on the soil exchange complex. This is indicated by more 
significant negative effects of lime on ^  K than on soil test 
values for K. Such a conclusion is consistent with those of 
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previously cited experiments demonstrating the antagonistic 
effect of high Ca and Mg levels on K uptake. 
Secondary nutrients 
As indicated by the literature reviewed, crop yields may 
be influenced by changes in the availability of secondary 
nutrients and/or micronutrients resulting from the liming of 
acid soil. In order to obtain a better understanding of the 
relationship between the influence of lime on yield and on the 
availability of these elements, data were obtained on the con­
centrations of Ca, Mg, Cu, Fe, Mn, and Zn in com leaves (Table 
19). Due to the cost involved, only the I969 leaf samples were 
analyzed and those from sites 7N and 12N were omitted. 
Calcium As expected, lime treatments usually in­
creased the % Ca in leaves (Table 20). The linear effect of 
lime was highly significant at seven sites, while the quadratic 
effect was significant at two additional sites. Changes in 
% Ca with lime rate failed to be significant only at site 11, 
partly because of a larger standard error. Increases equal 
to or greater than LSD values ranged from O.O5 to 0.22# Ca, 
occurring mainly at rates of 8,000 to 32,000 lb ECCE/A. On 
the average, the mean values for these treatments differed 
from the control mean by 0.08 to 0,15% Ca. The Ca concentra­
tion at the control treatment level averaged 0.71#, which is 
well above the sufficiency range for this nutrient reported 
by Jones (I966). 
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Table 19. Mean concentrations of Ca, Mg, and selected micro-
nutrients In com leaves for the respective lime 
treatments at each site In I969 
SCCE 
/A 
Ca Mr Cu Fe Mn Zn 
% ppm 
Site 1 
0 0.72 0.18 5.5 131 71.1 22.0 
1 0.77 0.19 6.4 128 63.9 20.6 
2 0.70 0.18 5.3 126 60.5 20.5 
4 0.77 0.21 6.1 130 60.4 19.5 
8 0.77 0.25 6.3 133 52.2 17.2 
16 0.77 0.24 6.3 134 51.4 17.1 
24 0.82 0.28 7.5 136 45.4 16.5 
32 0.86 0.28 6.2 141 46,5 16.6 
LSD 0.10 0.02 1.2 12 7.2 2.1 
Site 2 
0 0.62 0.17 5.9 141 68.8 19.9 
1 0.66 0.17 6.1 143 65.0 20.3 
2 0.64 0.18 5.7 144 55.2 19.5 
4 0.68 0.17 5.1 134 50.0 19.4 
8 0.69 0.21 6.2 152 48.1 19.0 
16 0.76 0.22 5.3 146 49.2 18.1 
24 0.74 0.20 5.9 146 51.4 17.3 
32 0.76 0,21 5e5 142 48.1 17.4 
LSD 0.08 0.05 - 9.3 2.1 
Site 4 
0 0.68 0.19 7.3 123 59.8 19.2 
1 0.68 0.16 6.1 119 50.9 18.9 
2 0.71 0.17 6.9 123 50.9 16.7 
4 0.76 0.20 7.5 129 57.1 18.1 
8 0.84 0.19 7.2 130 51.8 17.7 
16 0.84 0.20 8.2 127 54.5 16.4 
24 0.87 0.22 7.9 132 62.2 17.0 
32 0.90 0.21 7.7 129 59.3 16,4 
LSD 0.09 0.04 - 10 — 
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Table I9, (Continued) 
gggg _Çâ Mfi- -Cu Fe Mn Zn_ 
/A % ppm 
Site S 
0 0.73 0.32 8.2 134 91.8 21.0 
1 0.72 0.33 9.6 138 89.3 21.4 
2 0.75 0.33 9.0 136 80.6 19.6 
4 0.78 0.35 9.1 134 68.0 19.0 
8 0.79 0.37 8.4 141 68.1 17.9 
16 0.81 0.37 9.7 132 69.0 16.7 
24 0.79 0.36 9.1 141 60.7 17.5 
32 0.85 0.39 9.7 139 62.4 15.9 
LSD 0.05 0.04 - 18.7 3.8 
Site 6 
0 0.78 0.29 7.0 181 67.9 19.0 
1 0.78 0.30 7.1 175 69.0 20.3 
2 0.77 0.30 7.9 167 54.6 18.6 
4 0.80 0.29 7.0 178 49.8 17.7 
8 0.83 0.32 6.2 245 48.9 16.9 
16 0.92 0.36 8.2 173 49.6 16.2 
24 1.00 0.39 8.6 185 57.1 15.1 
32 0.97 0.39 9.5 173 57.0 14.1 
LSD 0.12 0.05 1.5 - 16.2 2.4 
Site 7 
0 0.61 0.19 8.1 98 107.3 26.1 
1 0.62 0.19 7.5 90 92.3 26.4 
2 0.67 0.22 8.0 90 91.0 24.9 
4 0.66 0.21 7.6 95 81.4 24.8 
8 0.74 0.23 7.1 97 74.6 25.8 
16 0.74 0.24 6.8 94 65.7 22.9 
24 0.78 0.27 7.3 100 66.2 21.5 
32 0.81 0.26 7.0 97 55.4 17.9 
LSD 0.11 0.07 - 13.5 5.5 
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Table 19. (Continued) 
SCCE 
/A 
Ca Mff Cu Pe Mn Zn 
% ppm 
Site 8 
0 0.71 0.16 5.7 101 67.6 22.1 
1 0.71 0.16 5.2 103 60.7 21.4 
2 0.73 0.19 5.8 106 54.6 20.7 
4 0.78 0.19 6.1 109 51.2 19.6 
8 0.80 0.21 6.2 111 49.7 18.4 
16 0.84 0.22 6.7 111 50.9 14.7 
24 0.87 0.24 7.4 126 57.5 14.8 
32 0.91 0.24 7.8 138 62.2 13.2 
LSD 0.06 0.05 1.7 24 6.3 3.6 
Site 9 
0 0.73 0.25 8.4 151 103.5 34.1 
1 0.78 0.28 8.4 153 102.5 35.6 
2 0.80 0.29 8.0 162 83.7 31.0 
4 0.78 0.29 8.5 155 73.6 31.2 
8 0.85 0.35 8.8 163 76.1 29.8 
16 0.84 0.34 7.4 163 58.4 23.7 
24 0.91 0.36 8.1 169 56.9 23.1 
32 0.86 0.35 7.6 161 %.9 19.9 
LSD 0.06 0.03 - 12 22.7 3.9 
Site 11 
0 0.71 0.40 9.0 123 151.9 39.7 
1 0.70 0.39 7.6 122 147.8 37.4 
2 0.71 0.44 7.6 121 131.9 36.1 
4 0.83 0.51 8.8 129 124.1 35.5 
8 0.77 0.47 7.8 128 115.2 34.0 
16 0.76 0.49 8.0 125 85.4 24.1 
24 0.71 0.41 7.2 128 79.3 22.8 
32 0.77 0.47 6.9 119 80.2 25.5 
LSD - - 1.6 8 26.1 6.3 
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Table I9. (Continued) 
ÎCCE 
/A 
Ca MR Cu Fe Mn Zn 
% ppm 
Site 12 
0 0.79 0.21 9.0 125 112.8 57.2 
1 0.78 0.22 9.0 123 115.7 58.4 
2 0.81 0.22 9.8 122 103.6 55.8 
4 0.79 0.22 9.6 124 82.1 43.9 
8 0.83 0.22 8.8 128 66.7 33.0 
16 0.84 0.23 9.0 126 65.2 27.4 
24 0.90 0.25 9.9 130 64.3 24.9 
32 0.92 0.23 9.5 129 62.6 24.0 
LSD 0.09 0.03 8 20.2 6.3 
Average 
0 0.71 0.24 7.4 131 90.3 28.0 
1 0.72 0.24 7.3 129 85.7 28.1 
2 0.73 0,25 7.4 130 76.7 26.3 
4 0.76 0.26 7.5 132 69.8 24.9 
8 0.79 0.28 7.3 143 65.1 23.0 
16 0.81 0.29 7.6 133 59.9 19.7 
24 0.84 0.30 7.9 139 60.1 19.1 
32 0.86 0.30 7.7 137 58.4 18.1 
Magnésium The relationship between lime rate and Mg 
levels in com leaves was similar to that observed for % Ca 
(Table 21). Linear and quadratic effects of lime were sig­
nificant at an equal number of sites, but the significance 
level tended to be lower-, and treatment differences were 
correspondingly smaller than for Ca. At sites 2, 4, and 12, 
these differences were not large enough to be meaningful. 
With the exception of site 9, at which the control treatment 
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Table 20. Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to leaf 
Ca concentrations from each site in 19^9 
Regression coefficients 




























































R^C's for L and are based on units of 10"^  (lb ECCE/A). 
mean differed by the LSD from means for all other treatments, 
significant increases in % Mg were usually associated with 
one or more of the lime rates >8,000 lb/A. Increases 
attributable to lime ranged from 0,03 to O.lOjC Mg. The four 
highest lime rates increased the Mg level by 0.04 to 0,06% 
Mg on the average. The Mg concentration in leaves from plants 
grown on unlimed plots at sites 1, 2, 4, 7, and 8 were slight­
ly below the sufficiency range mentioned earlier, averaging 
0.18^ . 
It is of interest to note that lime tended to increase 
rather than decrease the leaf Mg levels in each of these 
cases, even though the Mg content of the lime applied at 
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Table 21, Regression coefficients, values, and standard er­
rors obtained by fitting equation (1) to leaf Mg 
concentrations from each site in I969 
Regression coefficients 
Site to bi(B) bgCL)* r2 SE 
1 0.1843 -0,0013 6.7315*** -0.1173** 0,853 0,0168 
2 0,1228 0,0281** 1.1253* 0,483 0,0293 
4 0.1770 0,0000 1.4479** 0,371 0.0228 
5 0.3114 0,0106++ 2.2540** 0,437 0.0278 
6 0.3326 -0,0206** 4,3307*** 0,786 0.0236 
7 0,2003 0,0000 2.5901** 0,315 0.0407 
8 0.2127 -0,0206** 2,7628*** 0,633 0,0269 
9 0,2433 0,0113++ 8,8146*** -0,1976** 0,773 0,0222 
11 0.3819 0,0275+++ 0.9299 0,149 0,0632 
12 0,1959 0,0106* 0.7028* 0,365 0,0167 
•^RC's for L and are based on units of 10""^  (lb ECCE/A). 
these locations was generally low. Under these conditions, 
where large quantities of calcitic lime were added, competi­
tion between Ca and Mg might be expected to reduce Mg uptake 
by the plants. Explanation of the observed findings may in­
volve the combined influence of such factors as (1) a decline 
in solubility of CaCO^  with increases in lime level and pH, 
(2) sufficiently high CEC*s and indigenous soil Mg levels, and 
(3) addition of small quantities of Mg in the limestone. 
The nature of the cation exchange phenomena involved in in­
creased Mg uptake with addition of CaCO^  can only be specu­
lated at this point. Stryker (I967) observed that calcitic 
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lime applied at recommended rates to soils in eastern 
Nebraska increased the Mg concentration in com leaves in 
four of six experiments. He attributed this to preferential 
absorption of Ca on the soil complex causing Mg to be held 
with reduced force and, therefore, to be more readily avail­
able. Such an event would be expected to be temporary and 
unlikely to occur in the third year after lime application. 
With regard to the level of initial soil Mg, data reported 
in Appendix Table 53 indicate that exchangeable Mg occupied 
at least 10^  of the adsorption complex at all sites used in 
this study. 
Micronutrients 
Copper The level of Cu in com leaves was influenced 
to some extent by lime treatments at approximately one-half 
of the experiment sites (Table 22), However, lime effects 
were positive in some cases and negative in others. At sites 
I, 6, and 8, significant linear increases in ppm Cu resulted 
from the 2^ ,000 and 32,000 lb/A rates. Corresponding changes 
in the Cu concentration ranged from 1.6 to 2.5 ppm. At site 
II, a significant reduction in Cu concentration occurred at 
the two highest levels of lime. The mean Cu level for these 
treatments was from 1.8 to 2.1 ppm lower than that for the 
control treatment. The concentration of Cu in leaves from 
plants grown on unlimed plots was at the low end of the 
sufficiency range at sites 1, 2, and 8, but lime tended to 
Ill 
Table 22. Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to leaf 
Cu concentrations from each site in I969 
Regression coefficients 
Site to b^ (B) bgCL)* R2 SE 
1 6.2565 -0.2125 0.0342* 0,203 0.8717 
2 4.6920 0,5500*** -0.0062 0,469 0,5179 
4 7.7272 -0.3688++ 0,0346+++ 0,209 1,0270 
5 8 a 6840 0,0250 0.0334+++ 0,133 0,8647 
6 8.1279 -0,6313* 0.0918*** 0,526 0,9850 
7 8.4678 -0.3750+++ -0.0297+++ 0,233 0,8251 
8 6.4732 -0,4500+++ 0,0783*** 0.543 0.8675 
9 7.9957 0,2063 -0,0240++ 0.118 0.9190 
11 7.7988 0.2563 -0,0414* 0.213 1.0458 
12 9.3714 -0.0875 0,0111 0.044 0.7298 
•^RC * s for L are based on units of 10~3 ( lb ECCE/A). 
favorably influence Cu availability in these instances. 
Stryker (I967) reported increases in Cu content of com leaves 
due to lime in two of six experiments when N, P, and K fer­
tilizer was applied, but changes in Cu level were not con­
sistently related to yield increases from lime. 
Iron The influence of lime on the concentration of 
Pe in com leaves varied among sites, but resulted in in­
creased Fe levels at several locations (Table 23). The linear 
effect of lime was positive and significant at sites 1, 4, 8, 
and 12, while the quadratic effect of lime was negative and 
significant at sites 9 and 11, However, differences among 
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Table 23. Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to leaf 
Pe concentrations from each site in I969 
Regression coefficients 
Site to bl(B) bgCL)* r2 SE 
1 130.7051 - 1.1250 0.3716** 0.346 6.1238 
2 112.5693 14.8750*** 0.0842 0.597 0.1070 
4 128.8260 - 2.4375++ 0.2427* 0.282 5.7740 
5 100.5102 17.5625*** 0.1257 0.683 10.4725 
6 167.8658 9.3125 -0.1994 0.032 46.0075 
7 96.3648 - 1.5625 0.I940++ 0.149 5.9116 
8 107.0067 - 2.3750 1.0916*** 0.506 1.2045 
9 152.3097 0.5000 1.3152* -0.0328* 0.374 6.6223 
11 121.5507 0.3125^  0.8326* -0.0280* 0.269 4.6446 
12 127.0251 - I.625O++ 0.1917* 0.296 4.2305 
®RC*s for L and are based on units of 10"^  (lb ECCE/A). 
treatment means were meaningful only at sites 8 and 9* where 
two or more rates of lime >8,000 lb/A were associated with 
increases of 12 to 37 ppm Pe, Overall treatment means indi­
cated that the Pe level tended to increase slightly, but in­
consistently, with lime rates >8,000 lb/A. 
Under acid soil conditions, addition of lime would be 
expected to reduce the solubility and uptake of Pe by plants. 
Reasons for the above trend are not clear. Possible factors 
may be greater root proliferation into underlying unlimed 
soil as a result of liming or enhanced Pe mobility within the 
plants. 
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Manganese As expected, lime treatments generally-
reduced the Mn concentration in com leaves (Table 24). Sig­
nificant reductions with increasing lime rate were linear at 
site 5 and quadratic at all remaining sites except 4. At 
sites 1, 7t and 8, the control treatment mean differed by 
the LSD from all other treatment means. Significant changes 
in ppm Mn at other sites usually occurred at rates >4,000 
lb/A, with the exception of sites 6 and 8, where the decline 
in Mn level was smaller at either or both of the two highest 
lime rates. Treatment means averaged over all sites Indicated 
a reduction in Mn ranging from 13.6 to 31*9 Ppm for rates of 
2,000 to 32,000 lb/A. On the average, the three highest 
lime levels had essentially the same influence on Mn. 
Similar reductions in Mn content of plants have been 
commonly reported in experiments Involving the liming of 
acid soils. In the present study, the Mn level was well 
within the optimum range for com even at the highest lime 
rate. It is believed that changes in the Mn concentrations 
of com leaves were generally of little consequence with 
regard to crop yield. 
Zinc The influence of lime on Zn levels in com 
leaves was negative and highly significant at all locations 
except site 4 (Table 25)* Nevertheless, responses differed 
widely among sites, with reductions in Zn equal to or greater 
than the LSD at rates as low as 4,000 lb/A in some Instances, 
but only at the highest lime rates in others. Generally, 
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Table 24, Regression coefficients, values, and. standard 
errors obtained by fitting equation (1) to leaf 
Mn concentrations from each site in I969 
Regression coefficients 
Site to bi(B) 
CM 
r2 SE 
1 70.0446 -I.7063++ -1.7234*** 0.0350** 0.807 4.3810 
2 58.1792 2.1875+ -1.5396** 0.0355* 0.497 6.8136 
4 53.8170 -0.1188 0.2015++ 0.115 6.7435 
5 96.0227 -7.3125* -0.8880** 0.470 11.6719 
6 64.8984 -0.7563 -2.2854* 0.0847* 0.251 1.0116 
7 109.2095 -5.7188* -3.1991*** 0.0648* 0.779 9.2329 
8 61.0931 0.0563 -1.7072*** 0.0616*** 0.521 4.9625 
9 101.6507 -1.9563 -3.5504** 0.0674* 0.689 1.3208 
11 138.3204 5.3500++ 
-5.5759*** 0.1077** 0.844 1.3132 
12 105.4831 2.7875 -4.9217*** 0.1095*** 0.75^  1.2722 
®'RC*s for L and are based on units of 10"3 (lb ECCE/A). 
however, Zn levels differed from the control mean only for 
rates >8,000 lb/A. Largest reductions in Zn concentrations 
(16.9 to 33*2 ppm) were observed at sites 11 and 12, where 
the control treatment level of Zn was higher. Overall treat­
ment means indicated a rather consistent decline in Zn con­
centration with increasing lime rate. On the average, reduc­
tions of 3«1 to 9*9 ppm were associated with rates of 4,000 
to 32,000 lb/A. 
The influence of lime on Zn uptake has been attributed 
to reduced solubility and availability. Decreased solubility 
of Zn would appear to be of consequence at rates >8,000 lb/A, 
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Table 25. Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to leaf 
Zn concentrations from each site in I969 
Regression coefficients 
Site bg bi(B) b2(L)a b^ CL^ ) r2 sE 
1 22,8592 -0.7938* -0.4620*** 0 .0103** 0,783 1.1723 
2 17.2729 1.2875*** -0.0861** 0,606 1.2633 
4 16,0282 1.1250* -O.O66I+++ 0,284 2.0084 
5 21,7130 -0.7625++ -0.1708** 0,447 2.0559 
6 17.0208 1.0000** -0.2038*** 0.719 1.3363 
7 31.3412 -2.5063** -0.2616*** 0.572 3.0651 






9 34,5932 -0.5500 -0.4603*** 0.824 2.5131 
11 44.1169 -2.2625* -1.2713*** 0 .0253** 0.808 3.3859 
12 56.7665 0.7813 -2.9696*** 0 .0602*** 0.919 4.4727 
R^C*s for L and are based on units of 10-3 (lb ECCE/A). 
which resulted in soil pH values at or above neutrality. 
With the exceptions of sites 11 and 12, leaf Zn levels at 
the high lime rates were generally below the sufficiency 
range for com. The importance of the observed effect of 
lime on Zn remains in question because of the absence of plant 
deficiency symptoms and the attainment of relatively high 
com yields. Further comments will be made on this subject 
in a subsequent section dealing with yield response. 
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Grain Analysis 
Nitrogen, -phosphorus. and -potassium 
In addition to the chemical analysis of leaves, de­
terminations of the N, P, and K contents of com grain were 
also made on samples from the first harvest (Table 26). 
This practice was discontinued in subsequent years because of 
limiting time and cost factors. Statistical procedures 
used to evaluate the obtained data were similar to those 
described for leaf N, P, and K (Table 27). 
Lime trea-tments had little influence on the N level in 
com grain. Small average increases of 0.09 and 0.07# N 
occurred with the highest lime rate at sites 4 and 12. A 
trend relationship between lime rate and % N was significant 
only at site 12, but even in this case, the relationship was 
inconsistent and did not Improve with the use of covarlates 
in either equation (2) or (3). Also, the control treatment 
mean did not differ significantly from the means for other 
treatments. 
The linear effect of lime on ^  P was positive and sig­
nificant at sites 10, 11, and 12, where most of the increase 
in P level was due to the 24,000 and/or 32,000 lb/A rates. 
Again, however, the relationship between lime rate and % P 
was Irregular. At site 11, the control treatment mean did not 
differ significantly from that of any other treatment with or 
without adjustment for initial soil test values. At sites 
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Table 26. Mean concentrations of N, P, and K in com grain 
for the respective lime treatments at each site 
in 1967 
ECCE 
/A jgP %K P^ jgP 
Site 1 Site 2 Site 4 
0 1.45 0.252 0.319 1.11 0.215 0.307 1.16 0.228 0.289 
1 1.48 0.268 0.338 1.08 0.217 0.316 1.15 0.244 0.306 
2 1.45 0.246 0.327 1.08 0.312 0.305 1.14 0.267 0.324 
4 1.46 0.273 0.335 1.08 0.214 O.3O8 1.25 0.263 0,330 
8 1.47 0.258 0.319 1.10 0.219 0.315 1.19 0.278 0.343 
16 1.46 0.262 0.326 1.09 0.204 0.306 1.19 0.268 0.340 
24 1.49 0.265 0.337 1.09 0.216 0.322 1.19 0.274 0.333 
32 1.42 0.266 0.341 1.14 0.212 0.305 1.25 0.271 0.325 
LSD -
— — - - - 0.042 
Site 5 Site 6 Site 7 
0 1.37 0.232 0.309 1.54 0.202 0.310 1.46 0.229 0,366 
1 1.39 0.203 0.284 " 1.58 0.223 0.334 1.45 0.246 0,356 
2 1.39 0.217 0.301 1.57 0.219 0.334 1.39 0,229 0.345 
4 1.38 0.219 0.300 1.53 0.215 0.335 1.42 0.229 0.341 
8 1.41 0.216 0.294 1.53 0.230 0.348 1.44 0.245 0.357 
16 1.38 0.229 0.313 1.61 0.227 0.348 1.45 0.240 0.338 
24 1.42 0.222 0.306 1.54 0.213 0.311 1.49 0.236 0.355 
32 1.39 0.217 0.297 1.56 0.225 0.332 1.45 0.242 0.375 
LSD — - -
-
- - -
Site 8 Site 9 Site 10 
0 1.44 0.248 0.352 1.49 0.264 0.316 1.48 0.221 0.328 
1 1.43 0.234 0.342 1.50 0.274 0.307 1.47 0.234 0.339 
2 1.39 0.231 0.337 1.50 0.271 0.314 1.52 0.238 0.345 
4 1.40 0.248 0.358 1.49 0.274 0.315 1.53 0.244 0.331 
8 1.42 0.242 0.352 1.50 0.287 0.326 1.50 0.238 0.341 
16 1.46 0.261 0.380 1.53 0.285 0.305 1.46 0.245 0.350 
24 1.46 0.249 0.359 1.53 0.276 0.310 1.48 0.238 0.337 
32 1.42 0.258 0.359 1.50 0.270 0.302 1.47 0.257 0.357 




Table 26. (Continued) 
ECCE 
/A #N #P #K #N #P #K #N #P #K 
Site 11 Site 12 Average 
0 1.47 0.275 0.355 1.59 0.216 0 .288 1.41 0.235 0 .322 
1 1.44 0.251 0.318 1.54 0.210 0 .297 1.41 0.237 0 .322 
2 1.47 0.257 0.332 1.50 0.216 0 .293 1.40 0.237 0 .323 
4 1.48 0.275 0.346 1.60 0.233 0 .308 1.42 0.244 0 .328 
8 1.45 0.249 0.313 1.54 0.230 0 .306 1.41 0.245 0 .329 
16 1.42 0.275 0.338 1.59 0.231 0 .306 1.42 0,248 0 .332 
24 1.50 0.295 0.363 1.61 0.220 0 .290 1.44 0.246 0 .329 
32 1.47 0.287 0.356 1.65 0.247 0 .310 1.43 0,250 0 .333 
LSD - 0.035 0.033 0.10 0.020 -
10 and 12, a significant increase of approximately 0.033# P 
occurred at the highest lime rate. The significance of lime 
effects at these sites dropped to the 0.10 probability level 
after adjustment for covarlates in equations (3) and (2), 
respectively. Treatment means averaged over all sites in­
dicated a consistent Increase of 0.009 to 0.015# P for lime 
rates from 4,000 to 32,000 lb/A. 
Lime significantly influenced the K concentration in 
com grain only at site 4, where rates of 8,000 to 24,000 
lb/A were associated with significant increases of 0.044 to 
0.054# K. In this case, % K consistently Increased with lime 
level to a maximum at the 8,000 lb/A rate and then decreased. 
Overall treatment means suggested a slight increase ranging 
from 0.006 to 0.011# K for lime rates of 4,000 to 32,000 lb/A. 
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Table 27. Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to grain 




Site 0^ bi(B) bgCD® b3(L2) R2 SE 




































































































9 g 1.4731 0.2666 0.3134 0.0081 0.0008 0.0011 4.0260++ 2,2245+++ -0.3487++ -0.1148+ 0.128 -0.0714+++ 0.166 0.086 0,0392 0.0156 0.0137 
10 










C^'s for L and are based on units of 10"^  (lb ECCE/A). 
S^ignificant at the 0,10 probability level in equation 
(2) or (3). 
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Table 2?, (Continued) 
Regression coefficients 



























Grain N, P, and K levels usually have been found to vary 
less with availability of these nutrients than have the per­
centages of N, P, and K in com leaves at silking stage. 
However, the preceding data indicate that on the average, 
lime treatments had a slightly greater positive influence on 
the P content of grain than of leaves. Also, there was a 
greater tendency for increase in ^  K in grain than in leaves 
at the high lime rates. These findings may have resulted 
from greater nutrient availability and uptake due to lime in 
the second half of the first growing season or to greater 
translocation of these elements to the grain. The measured 
changes in the concentration of these nutrients in the grain 
may not be of practical importance. 
Moisture content 
The moisture content of grain samples at harvest time was 
determined initially for the purpose of adjusting yields to a 
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common moisture percentage. It was later observed that, in 
some cases, there appeared to be some relationship between 
lime rate and grain moisture levels (Table 28), Consequently, 
data for % HgO were evaluated statistically to determine 
the possible significance of lime effects. Analysis of 
variance and regression procedures were again used, but only 
the linear model was fitted as equation (1) (Table 29). 
In the first year, both positive and negative linear 
lime effects on ^  E2O were found to be significant. At site 
9, significant reductions of 0,5 to 1,0# EgO were associated 
with the two highest lime rates. At sites 10 and 12, lime 
increased the moisture level somewhat, but the trends were 
inconsistent. Increases in excess of the LSD value of 1.1# 
were associated with the 2,000 and 32,000 lb/A rates at site 
10, while at site 12, the control treatment mean did not 
differ significantly from the means for any other treatment. 
Means averaged over all sites indicated no consistent relation­
ship between lime rate and % H2O in I967. 
In 1968, the linear effect of lime was negative and sig­
nificant at sites 8 and 9* but was again positive and sig­
nificant at site 12. Rates of 16,000 to 32,000 lb/A were 
associated with an average decrease of about 1.4# HgO at 
site 8, but the means for these treatments did not differ 
from the control treatment by the LSD. At site 9» small re­
ductions in # EgO approached but did not equal the LSD value 
of 0.7# at the 32,000 lb/A rate. Eowever, standard errors 
122 
Table 28, Mean moistïire content of com grain for the re­




/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
Site 1 Site 2 
0 23.8 26.3 24.2 24,8 28.6 21.4 22.1 24,0 
1 23.9 26.4 24.1 24,8 28.5 22.3 21.4 24,1 
2 23.8 26.6 24.6 25.0 28.1 22.1 21.3 23.8 
4 23.7 25.9 24.0 24.5 28.5 21.9 20.8 23.7 
8 24.0 26.1 24.1 24,7 27.9 21.4 21.5 23.6 
16 23.6 26.0 23.2 24.2 28.5 21.6 20.7 23.6 
24 24.2 26.5 23.6 24.8 28.2 21.8 21.4 23.8 
32 23.6 26.5 23.2 24,4 28.1 21.9 20.6 23.5 
LSD - - 1.6 - - -
Site 4 Site 2 
0 25.1 17.9 22.4 21.8 21.9 20.7 26.5 23.0 
1 25.3 18.0 22.5 21.9 23.5 21.0 26.6 23.7 
2 25.2 18,0 22.8 22.0 22.7 20.8 26,0 23.2 
4 25.0 18.2 21.9 21.7 22.9 20.8 25.9 23.2 
8 25.9 18.2 21.3 21.8 22.2 20.6 25.5 22.8 
16 25.4 18.1 21.3 21.6 21.6 20.7 24.8 22.4 
24 24.9 17.8 21.0 21,2 22.6 21.1 25.5 23.1 
32 25=5 17,7 21.1 21,4 22.4 20.5 25.4 22.8 
LSD - - 1.7 - - -
Site 6 Site 7 
0 26.4 _ 23.6 25,0 29.3 28.4 24.8 27.5 
1 27.8 - 23.7 25.8 29.6 27.8 25.4 27.6 
2 26,0 - 24.0 25.0 29.6 28.0 25.0 27.5 
4 25.4 — 24.0 24,7 29.8 28.1 25.7 27.9 
8 27.9 _ 23.9 25.9 29.2 27.6 23.7 26.8 
16 26.7 - 24.8 25.8 30.1 27.6 24.2 27.3 
24 27.0 — 25.7 26.4 30.3 27.6 22.4 26,8 
32 27.1 - 25.5 26.3 29.8 27.7 24.6 27.4 
LSD - - 1.3 - - -
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Table 28. (Continued) 
X3CE 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
Site 8 Site 9 
0 23.2 22.1 28.2 24.5 27.1 18.9 20.4 22.1 
1 23.9 20.3 28.1 24.7 27.1 18.7 20.4 22.1 
2 24,4 22.1 27.7 24.7 26.5 19.1 20.4 22.0 
4 23.4 21.7 26.9 24.0 26.7 18.9 20.2 22.0 
8 24.1 21.3 26.4 23.9 26.9 18.8 20.1 21.9 
16 23.7 20.6 26.8 23.7 26.9 18.5 19.7 21.7 
24 24.0 20.8 26.2 23.7 26.6 18.6 19.8 21.7 
32 23.9 20.7 26.3 23.6 26.1 18.3 19.6 21.3 
LSD - 1.6 1.1 0.5 0.7 0.5 
Site 10 Site 11 
0 23.4 18.9 22.2 26.5 24.0 25.2 
1 23.7 18.4 - 21.0 25.7 - 23.2 24.5 
2 24.6 19.0 - 21.8 26.0 — 23.5 24.7 
4 23.7 19.0 - 21.4 25.5 - 23.6 24.6 
8 24.0 19.0 _ 21.5 25.7 22.8 24.2 
16 23.9 18.8 - 21.4 25.8 — 23.0 24.4 
24 24.3 19.3 - 21.8 25.8 — 22.3 24.1 
32 25.0 19.0 - 22.0 25.6 - 23.5 24.6 
LSD 1.1 - - - -
Site 12 Average 
0 24.6 24.0 33.2 27.3 25.4 22.1 24.9 24.2 
1 24.4 23.9 33.1 27.1 25.8 22.1 24.9 24.4 
2 23.5 23.8 33.6 27.0 25.5 22.1 24.9 24.3 
4 24.2 24.0 32.5 26.9 25.3 22.0 24.6 24.1 
8 24.5 23.9 32.9 27.1 25.7 21.9 24.2 24.1 
16 24.4 24.1 31.2 26.6 25.5 21.8 24.0 23.9 
24 24.9 24.1 32.8 27.2 25.7 22.0 24.1 24.1 
32 25.4 24.5 32.8 27.6 25.7 21.9 24.2 24.1 
LSD 1.7 0.5 -
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Table 29. Regression coefficients, values» and standard 
errors obtained by fitting equation (1) to grain 
moisture percentsiges from individual sites in 
each year 
Regression coefficients 



















































































































































^C*s for L are based on units of lb 3CC3/A# 
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Table 29. (Continued) 
Hepcresslon coefficients 



















from the AOV were slightly larger than from the linear regres­
sion analysis for sites 8 and 9. As In the first year, the 
highest lime rate tended to raise the moisture percentage in 
grain at site 12. Due to a small standard error, the increase 
of 0*5% H2O associated with this treatment was equal to the 
LSD. Overall treatment means for I968 indicated no measur­
able lime effect on moisture percentage. 
In the third year, the linear lime effect on % H2O was 
significant at sites 1, 4, 6, 8, and 9t with a decline in 
moisture percentage in all cases except site 6. At sites 1 
and 4, lime effects appeared to be Inconsistent, and the con­
trol treatment mean failed to differ significantly from the 
means for any other treatment. At sites 8 and 9» significant 
reductions in % H2O were associated with lime rates > 4,000 
and >16,000 lb/A, respectively. The decline in moisture per­
centage was somewhat larger at site 8 (1.3 to 2.0#) than at 
site 9 (%0.7^ ) and appeared to be associated with excess soil 
moisture and N deficiency of plants in one block. At site 6, 
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on the other hand, the two highest lime rates significantly 
increased the moisture content of grain by approximately 
2^  • 
The yearly treatment averages for % HgO across all sites 
indicated that most of the lime influence occurred in the 
third year. Lime tended to reduce the % SgO, but in some 
cases had the opposite effect. On the average, treatment 
effects were small ( < 1^  H^ O), involved mainly the lime rates 
in excess of those normally applied, and were not consistently 
related to changes in yield resulting from lime. It is 
possible that changes in % E2O were related to lime influence 
on either the time of silking or on nutrient relationships 
affecting the time of physiological maturity of the grain. 
Limited data collected on silking date at some sites did not 
support the first of these possibilities. In each year, 
harvesting was delayed until moisture levels were generally 
below 30% to facilitate shelling. Perhaps larger treatment 
differences would have appeared at earlier harvest dates. 
Test weight 
To further evaluate the influence of lime on grain 
quality, test-weight (weight/bu) measurements were made in 
each year. Since time did not permit the collection and 
processing of additional grain samples, test weights were 
obtained after oven drying from samples used for moisture 
determination. The results are briefly summarized here in 
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discussion form. 
The data collected revealed only small differences in 
weight/bu of grain for the various treatments» Statistically, 
these differences were significant at a few sites in the 
second and third years, but the trends were both negative 
and positive with respect to lime rate. Changes in test 
weight were generally less than 1 Ib/bu and associated with 
one or more of the lime rates > 8,000 lb/A. There was no 
consistent relationship between lime effects on moisture 
content, on the test weight of the dried sample, and on com 
yields. 
Lodging and Barrenness 
Little information was found in the literature directly 
or indirectly relating lime application and soil pH to the 
occurrence of lodging and barrenness in com. Therefore, at 
all sites where yields were measured, observations were made 
to determine if the wide range of lime rates applied influ­
enced the level of these factors in the experiments. Prom 
these data, AOV and regression analyses were computed for 
each site. The appropriate linear or quadratic model was 
selected and reported as equation (1) in subsequent tables. 
Root lodging 
As indicated in Table 30, root lodging (EL) varied con­
siderably among sites and years. However, with a few 
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Table 30, Mean percentages of root-lodged plants for the 
respective lime treatments at Individual sites 
In each year 
ÎCCE 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
site 1 site 2 
0 0.6 0.0 7.5 2.7 0.0 0.0 1.4 0,5 
1 1.2 0.0 14.3 5.2 0.0 0.0 1.1 0.4 
2 2.1 0.3 14.1 5.5 0.0 0.0 1.1 0.4 
4 1.6 0.0 8.0 3.2 0.7 0.0 0.4 0.1 
8 0.0 0.0 12.4 4.1 0.0 0.0 1.0 0.3 
16 0.0 0.3 3.9 1.4 0.0 0.0 0.7 0.2 
24 0.6 0.0 10.5 3.7 0.3 0.0 1.8 0.7 
32 0.6 0.0 9.6 3.4 0.0 0.0 1.4 0.5 
LSD - - - - - -
site 4 Site 
0 5.9 0.3 0.0 2.1 4.9 2.3 2.4 
1 7.1 0.0 1.0 2.7 13.1 3.1 — 5.4 
2 7.7 0.0 0.0 2.6 7.7 3.2 - 3.6 
4 7.7 1.0 1.6 3.4 10.0 1.9 - 4.0 
8 8.4 0.6 1.1 3.4 10.4 6.5 5.6 
16 2.9 0.0 0.5 1.1 5.5 8.7 — 4.7 
24 10.6 0.0 0.0 3.5 6.8 4.2 — 3.7 
32 6.3 0.6 1.1 2.7 3.9 16.7 - 6.9 
LSD — — - - 9.1 -
site 6 Site 7 
0 0.0 — 1.5 0.5 5.2 0.0 38.9 14.7 
1 0.0 - 1.1 0.4 2.7 0.0 13.1 5.3 
2 0.0 - 1.8 0.6 3.2 0.0 44.5 15.9 
4 0.0 — 1.5 0.5 2.2 0.0 25.3 9.2 
8 0.0 » 0.7 0.2 2.2 0.0 22.2 8.1 
16 0.0 — 1.8 0.6 6.6 0.0 43.4 16.7 
24 0.0 - 0.7 0.2 3.5 0.0 47.4 17.0 
32 0.0 — 5.4 1.8 3.8 0.0 24.6 9.5 
LSD — - « — 
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Table 30. (Continued) 
5CCE 
/A 1967 1968 1969 Ave, 1967 1968 1969 Ave. 
Site 7N Site 8 
0 45.7 0.0 31.6 1.0 10.9 
1 20.6 — 0.0 38.1 1.9 13.3 
2 44.7 — 0.0 31.0 1.6 10.9 
4 19.8 - 0.0 36.0 0.0 12.0 
8 28.9 0.0 32.0 1.6 11.2 
16 29.0 - 0.0 27.7 0.3 9.3 
24 25.2 - 0.0 29.0 1.0 10.0 





Site 9 Site 10 
0 0.0 0.0 0.3 0.1 0,0 4.1 1.4 
1 0.0 0.0 0.0 0.0 0.0 8.9 — 3.0 
2 0.0 0.0 0.3 0.1 0.0 11.8 — 3.9 
4 0.0 0.0 0.0 0.0 0.0 10.7 - 3.6 
8 0.0 0.0 0.0 0.0 0.0 17.0 5.7 
16 0.0 0.0 0.7 0.2 0.0 13.3 — 4.4 
24 0.0 0.0 0.0 0.0 0.0 19.6 — 6.5 
32 0.0 0.0 0.0 0.0 19.3 — 6.4 
LSD — — -
- 18.0 -
Site 11 Site 12 
0 1.2 — 0.0 0.4 1.5 0.0 6.0 2.5 1 1.1 - 0.0 0.4 3.3 0.0 3.0 2.1 
2 0.6 - 0.4 0.3 0.0 0.0 7.5 2.5 4 0.0 — 1.6 0.5 0.4 0.0 9.5 3.3 
8 1.8 _ 1.1 1.0 1.7 0.0 6.0 2.6 
16 0.3 - 0.0 0.1 0.0 0.0 4.0 1.3 
24 1.7 - 0.0 0.6 0.7 0.0 0.5 0.4 
32 0.9 - 0.0 0.3 0.7 0.0 4.5 1.7 
LSD — — — M 
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Table 30. (Continued) 
% BL 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave, 
Site 12N Average* 
0 8.0 1.75 4,25 5.66 3.81 
1 13.9 2.59 5.57 3.55 3.80 
2 11.1 1.94 5.14 7.13 4.63 
4 10.5 ~ 2.05 4.96 4.79 4.00 
8 5*5 2.23 6.23 4.61 4.22 
16 7.0 1.39 5.55 5.17 3.90 
24 7.5 2.20 5.87 6.19 4,63 
32 8.5 — 1.47 7.84 4.76 4,48 
LSD 
M^eans for I969 do not include sites 7N and 12N. 
exceptions, lime treatments were generally not related to the 
level of root lodging (Table 31)• Over the 3-year period of 
experimentation, lime effects were positive and significant 
only at sites 5 and 10 in I968, At site 5f the only sig­
nificant change in BL was associated with the highest lime 
rate, at which the mean increased to 16.7# from the control 
treatment level of 2.3#. The trend of increasing % BL with 
increasing lime rate was rather consistent at site 10, but 
because of a rather large standard error, none of the treat­
ment means differed by the LSD value of 18#, Average treat­
ment means generally did not follow a trend with lime rate 
in any year except I968 when sites 5 and 10 substantially 
influenced these values. 
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Table 31, Regression coefficients, R^  values, and standard 
errors obtained by fitting equation (1) to per­
centages of root-lodged plants from individual 
sites^  in each year 
Regression coefficients 
Site bQ b]^ (B) bgCL)^ ' R^  SE 
1967 
1 2.5768 -0.7076+++ -0.0295+ 0.186 1.4824 
5 8.8843 0.2652 -0.1761+ 0.059 7.1237 
1968 
5 4.8974 -1.3765 0.4004** 0.357 5.6490 
10 17.4321 -4.2148++ 0.3702* 0,290 9.0584 
2 - 0,6496 0.7876** 0.0155+ 0.420 0.8395 
6 0.2700 0.3394 0,0989+ 0.075 3.4854 
12 5.4906 0.4678 -0.1187+ 0.079 5.1729 
A^nalyses sire reported only for sites with probability 
levels of t tests for bg <0.30. 
C^*s for L are based on units of 10~3 (ib ECCE/A). 
Organic phosphate insecticides used for rootworm control 
have been found to decompose more rapidly in soils with high 
pH, This is the presumed reason for the increase in # RL 
with the highest lime rate at site 5. The adequacy of this 
explanation for the observations at site 10 is uncertain 
because of incomplete information obtained on the insect 
control practices employed. 
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stalk lodging 
Lime treatments Influenced the stalk lodging (SL) per­
centage more frequently than % BL (Tables 32 and 33)» In 
all Instances where treatment effects attained significance 
at the 0.05 probability level, % SL increased to some extent 
with lime rate. In I967, the quadratic effect of lime was 
significant at site 2, but the increase was not greater than 
2% SL and was mainly associated with the 16,000 and 24,000 
lb/A rates. In I968, the linear effect of lime was significant 
at sites 7 and 12 where an increase in SL occurring at two 
lime rates >16,000 lb/A approached LSD values between 5 and 
6$. In 1969» the linear lime effect was significant at 
sites 8 and 12N. Increases of approximately 5^  SL occurred 
with the three highest lime rates at site 8. Lime rates of 
16,000 to 32,000 lb/A also were associated with maximum in­
creases in SL at site 12N, but only the mean for the lowest 
of these treatments differed from the control treatment mean 
by more than the LSD value of 6.3#. 
Average treatment means for the 3 years indicated that 
the tendency for lime to increase SL was greater in I968 and 
1969. Nevertheless, the increases were small on the average 
i<2% SL) and occurred at rates above 8,000 lb/A. 
In some cases, SL has been found to increase with high 
N levels in plants and to decrease with increasing K levels. 
However, in the present study, observed changes in N and K 
contents of leaves with lime treatments were of small 
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Table 32. Mean percentages of stalk-lodged plants for the 
respective lime treatments at individual sites 
in each year 
BCCE  ^
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
Site 1 Site 2 
0 0.0 2.6 1.7 1.4 0.7 7.9 18.8 9.1 
1 0.0 4.3 1.7 2.0 1.7 7.4 21.1 10.1 
2 0.0 4.6 1.1 1.9 0.3 7.0 17.2 8.2 
0.3 3.3 1.7 1.8 1.3 8.7 18.4 9.5 
8 0.3 5.2 1.4 2.3 1.4 4.7 17.1 7.7 
16 0.0 5.2 1.4 2.2 2.7 6.1 11,7 6.8 
24 0.0 3.3 1.9 1.7 2.4 9.6 23.1 11.7 
32 0.3 2.9 2.5 1.9 1.4 9.6 20.3 10.4 
LSD - - 1.8 -
Site 4 Site 5 
0 3.1 4.5 2.6 3.4 0.0 3.5 100.0 34.5 
1 2.1 5.4 4.2 3.9 0.0 5.0 100.0 35.0 
2 3.1 8.2 4.8 5.4 0.0 3.2 100.0 34.4 
4 3.4 8.3 3.7 5.1 0.0 2.3 100.0 34.1 
8 2.5 6.3 3.8 4.2 0.0 2.3 100.0 34.1 
16 1.6 6.6 4.6 4.3 0.0 2.3 100.0 34.1 
24 4.5 7.6 6.9 6.3 0.0 3.5 100.0 34.5 
32 5.0 7.9 4.3 5.7 0.0 3.9 100.0 34.6 
LSD mm — — — — — 
Site 6 Site 7 
0 0.0 — 3.6 1.8 2.9 5.5 5.4 4.6 
1 0.4 - 4.7 2.6 0.0 7.9 5.4 4.4 
2 0.7 - 5.4 3.1 1.0 7.1 12.7 6^ 9 
4 0.4 — 6.2 3.3 0.0 6.2 6.6 4.3 
8 0.0 _ 2.9 1.5 1.0 4.9 5.6 3.8 
16 1.5 - 5.4 3.5 0.0 7.9 9.2 5.7 
24 0.7 - 4.7 2.7 0.6 10.6 10.4 7.2 
32 0.7 - 4.0 2.4 0.6 10.5 11.4 7.5 
LSD - - -
- 5.2 -
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Table 32. (Continued) 
ÎCCE 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave, 
Site 7N Site 8 
0 10.9 _ 0.0 0.0 0.7 0.2 
1 9.6 — 0.0 0.7 1.0 0.6 
2 7.5 - 0.0 0.7 1.6 0.8 
4 7.7 - 0.0 0.7 2.5 1.1 
8 8.5 0.0 0.7 2.2 1.0 
16 13.7 - 0.0 0.0 5.8 1.9 
24 7.0 - 0.0 0.7 5.8 2.2 
32 11.3 - 0.0 0.3 5.8 2.0 
LSD 
- - - 3.1 
Site 9 Site 10 
0 0.0 17.0 1.5 6.2 2.3 9.8 6.1 
1 0,0 17.3 0.4 5.9 4.3 10.6 — ,  7.5 
2 0.0 15.7 0.7 5.5 3.2 11.3 — 7.3 
4 0.0 11.8 0.4 4.1 3.4 7.8 - 5.6 
8 0.0 11.9 1.6 4.5 3.8 5.7 4.8 
16 0.0 12.4 1.1 4.5 4.1 6.7 _ 5.4 
24 0,0 18.6 0.4 6.3 0.7 7.5 — 4.1 
32 0,0 17.1 1.5 6.2 3.4 6.4 — 4.9 
LSD - — - - -
Site 11 Site 12 
0 0.3 — 6.5 3.4 0.8 13.5 7.5 7.3 
1 0.0 - 8.3 4.2 1.1 12.5 2.0 5.2 
2 0.0 - 7.3 3.7 0.0 14.4 4.0 6.1 
4 0.0 - 8.6 4.3 0.4 15.3 9.0 8.2 
8 0.0 10.7 5.4 1.4 12.4 9.0 7.6 
16 0.8 - 6.7 3.8 0.4 18.9 10.9 10.1 
24 0.6 - 11.9 6.3 0.0 16.8 8,0 8.3 
32 0.3 — 9.0 4.7 0.7 18.8 4.5 8.0 
LSD - - - 5.6 
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Table 32. (Continued) 
ECCE 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave, 
Site 12N Average®' 
0 3.5 0.9 7.1 14.8 7.4 
1 4.5 0.9 7.5 14.9 7.5 
2 5.5 — 0.8 8.0 15.5 7.8 
4 5.0 — 0.8 7.2 15.7 7.7 
8 5.0 0.9 6.0 15.4 7.3 
16 10.5 — 1.0 7.3 15.7 7.8 
24 8.5 0.9 8.7 17.3 8.7 
32 8.5 1.1 8.6 16.3 8.4 
LSD 6.3 
®Means for 1969 do not include sites 7N and 12N. 
magnitude and were not consistent with the level of SL. 
In view of the fact that lime influences so many bio­
logical and nutrient factors which could be related to the 
SL phenomena, no attempt will be made to speculate further 
regarding the nature of apparent lime effects measured here. 
Barrenness 
Lime rates significantly influenced the percentage of 
barren plants (Ba) at five sites in at least 1 of the 3 years 
of experimentation (Tables 3^  and 35)* In all but one of 
these cases, lime tended to slightly reduce # Ba. In 196?, 
positive quadratic and negative linear lime effects were 
significant at sites 6 and 10,respectively. The ^  Ba was low 
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Table 33* Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to per­
centages of stalk-lodged plants from individual 
sites® in each year 
Regression coefficients 
Site bQ bi(B) bgCD^  b^ tlZ) R^  SE 
2 0.1041 0.3041+ 0.1748* -0.0045* 0.318 
4 2.3448 -0.0810 0,0598++ 0.103 
10 3.9666 -0.0718 -0.0439++ 0.103 
1 4.2137 -0.3649 
1968 
0.2041+++ -0.0074+++ 0.204 
5 5.1922 -0.6883+ -0.2433++ 0.0096++ 0.158 
7 1.5001 2.2396** 0.1612* 0.450 
9 13.9946 1.0309 -0.4644+ 0.0175+ 0.111 
10 10.0906 -0.3223 -0,1115+++ 0.160 
12 11.9551 0.7189 0.1738** 0.334 
1969 
1 0.9639 0.2072 0.0260++ 0.128 
2 13.5745 2.9567* -0.4770++ O.OI63++ 0.267 
4 2.9760 0.3756 0.0554+ 0.071 
7 7.8725 -0.4928 O.1535+++ 0.157 
8 - 1.3451 1.3143* 0.1873*** 0.609 
12 6.1207 =0.8458 O.7317+++ =0.0225+++ 0.192 

















A^nalyses are reported 
levels of t tests for 1^ 2 or 
C^'s for L and are 
ECCE/A). 
only for sites with probability 
b^  < 0.30. 
based on units of 10"3 (lb 
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Table 3^ » Mean percentage of "barren plants for the re­
spective lime treatments at individual sites in 
each year 
ECCE 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave, 
Site 1 Site 2 
0 3.4 2.0 3.9 3.1 2.0 5.3 10.8 6.0 
1 5.3 2.0 3.3 3.5 4.2 12.1 15.1 10.5 
2 6.7 2.0 1.9 3.5 3.0 11.1 11.5 8.5 
4 6 , 6  1.6 1.7 3.3 2.7 5.8 8.5 5.7 
8 4.8 1.3 3.0 3.0 4.1 7.6 9.8 7.2 
16 4.0 2.0 2.2 2.7 2.1 5.8 9.2 5.7 
24 5.1 1.0 1.7 2.6 2.7 7.5 14.9 8.4 
32 4.6 1.3 3.3 3.1 2.4 6.1 9.4 6.0 
LSD — — — — — — 
Site 4 Site 5 
0 6,2 6.7 2.1 5.0 4.5 7.4 0.0 4.0 
1 5.5 3.2 1.0 3.2 5.9 7.8 0.6 4.8 
2 4.6 3.8 1.6 3.3 4.5 6.8 0.3 3.9 
4 3.1 8.6 1.6 4.4 4.8 3.9 0.6 3.1 
8 4.7 5.0 0.0 3.2 4.9 5.8 1.0 3.9 
16 5.1 4.4 0.0 3.2 4.2 6.5 0.0 3.6 
24 4.5 3.8 1.1 • 3.1 5.5 9.0 0.0 4.8 
32 5.6 5.4 0.0 3.7 3.9 6.8 0.6 3.8 
LSD - 2.5 - - -
Site 6 Site 7 
0 0.7 _ 0.0 0.4 26.9 4.6 1.8 11.1 
1 1.8 — 0.7 1.3 23.7 3.3 3.0 10.0 
2 1.8 — 0,4 1.1 14.0 6.4 3.5 8.0 
4 0.4 — 0.7 0.6 20.9 3.9 4.2 9.7 
8 0.4 0.4 0.4 16.7 2.9 3.1 7.6 
16 0.7 — 0.0 0.4 22.5 3.9 4.0 10.1 
24 0.4 — 0.4 0.4 17.4 4.3 3.5 8.4 
32 1.8 — 0.0 0.9 14.7 3.0 5.1 7.6 
LSD 1.5 - - — — 
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Table 34. (Continued) 
ÎCCE 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
Site 7N Site 8 
0 7.1 2.0 2.0 3.9 2.6 
1 6.6 1.3 2.0 1.3 1.5 
2 7.0 0.0 1.7 1.0 0.9 
4 1.1 0.7 1.3 1.6 1.2 
8 3.9 0.3 1.7 2.6 1.5 
16 4.0 0.7 1.0 1.6 1.1 
24 2.3 0.0 1.0 0.3 0.4 
32 4.5 0.3 0.7 1.0 0.7 
LSD 3.2 - 2.0 -
Site 9 Site 10 
0 0.3 0.6 0.4 0.4 18.1 11.3 » 14.7 
1 0.0 0.9 0.0 0.3 18.0 20.6 — 19.3 
2 0.3 1.5 0.4 0.7 20.2 16.3 — 18.3 
4 1.5 0.6 0.4 0.8 14.5 21.5 - 18.0 
8 0.3 2.3 1.2 1.3 14.8 18.3 16.6 
16 0.6 0.0 0.4 0.3 14.7 22.7 — 18.7 
24 0.9 2.0 0,0 1.0 13.1 25.6 - 19.4 
32 0.3 1.5 1.5 1.1 12.2 22.7 - 17.5 
LSD — — — 7.0 7.5 -
Site 11 Sits 12 
0 4.5 _ 2.3 3.4 .^7 0.0 2.0 2.6 
1 6.8 - 0.4 3.6 5.1 1.1 2.0 2.7 
2 3.7 - 0.7 2.2 8.7 1.4 3.5 4.5 
4 5.9 - 1.1 3.5 6.3 0,0 2o5 2.9 
8 4.7 — 0.7 2.7 7.7 0.4 3.0 3.7 
16 4.7 - 0.4 2.6 5.5 0.7 1.0 2.4 
24 5.0 - 0.7 2.9 5.4 0.0 4.5 3.3 
32 4.3 - 1.5 2.9 7.2 0.4 1.0 2.9 
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Table 3^. (Continued) 
ECCS 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
Site 12N Average^  
0 3.0 6.8 4.4 2.7 4.7 
1 0.5 7.1 5.9 2.7 5.3 
2 2.0 6.1 5.7 2.5 4.8 
4 1.0 6.1 5.2 2.3 4.6 
8 2.0 5.8 5.0 2.5 4.4 
16 1.5 5.9 5.2 1.9 4.4 
2k 2.0 5.5 6.0 2.7 4.7 
32 2.0 5.2 5.3 2.3 4.3 
LSD 
®Means for I969 do not include sites 7N and 12N. 
at site 6, and differences among treatment means were of 
little importance. At site 10, most of the decline in Ba 
occurred at the two highest lime rates, but the means for 
these treatments failed to differ from the control mean by 
the LSD value of 7^ . 
In 1968, the linear effect of lime was negative and sig­
nificant at site 8, but was positive and significant at site 
10. Treatment means were small at site 8, and the reduction 
in ^  Ba was accordingly of little consequence. At site 10, 
means for all but the 2,000 and 8,000 lb/A lime rates dif­
fered from the control treatment by more than the LSD value 
of 7.5#. Larger increases of 11.4 to 1^ ,3% Ba occurred with 
the three highest lime rates. 
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Table 35» Regression coefficients, values, and standard 
errors obtained by fitting equation (1) to per­
centages of plants barren from individual sites* 
in each year 
Regression coefficients 
Site bg b]^ (B) bgCLVb R^  SE 
1967 
6 1.2762 0.0678 -0.1817* 0.0075* 0.218 0.9158 
10 20.3574 -1.2896++ -0.1887* 0.301 3.8783 
8 2.2050 -O.I831 
1368 
-0.0415* 0.205 0.9533 
10 21.3458 -2.1601+++ 0.2574** 0.365 4.7987 
1969 
1 3.9872 -0.4141 -0.1648++ 0.0052++ 0.132 1.6104 
7 1.7762 0.5859+ O.O617++ 0.161 1.9043 
7N 5.4643 0.4724 -0.4816* 0.0146* O.3O8 2.3054 
8 0.5064 0.8407+++ -0.0537++ 0.243 1.6643 
11 1.5278 -0.0814 -0.1278+++ 0.0041+++ 0.157 0.9708 
A^nalyses are reported only for sites with probability 
levels of t tests for b2 or b^  <0.30. 
G^*s for L and are based on units of 10"^  (lb 
ECCE/A). 
In the third year, the quadratic effect of lime was 
positive and significant at site 7N. Bates of 4,000 to 24,000 
lb/A were associated with reductions of 3 to Ba. Means 
for all but one of these treatments differed significantly 
from the control treatment means. 
Overall treatment means indicated little consistent effect 
of lime on # Ba. It is possible that improved nutrient 
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availability may have been involved In the small reductions 
In barrenness at some sites. The Increase In % Ba with lime 
rate at site 10 In 1968 may have been related to differential 
damage from rootworm beetles observed feeding on silks. It is 
not known if differences in silking date among plots were 
large enough to make this explanation feasible. 
Com Yield 
Evaluation of yields at individual sites 
Statistical procedures used to evaluate yield data were 
basically the same as those described in previous sections 
dealing with soil tests and leaf analyses for N, P, and K. 
However, in the regression analysis of yields, additional 
covariates were used where appropriate. 
The following regression equations were fitted to yields 
from each site* 
(1) Y = f(B, L, L^ ) 
(2) Y = f( , S) 
(3) Y = f( , Ba, BL. SL) 
(4) Y = f( , in, ip, ^ k, ipH) 
Again, the objective in using equations (2) through (4) was 
primarily to determine if apparent lime effects on yield were 
Influenced by measured, within-site variation in the additional 
Independent variables included in each model. These variables 
or covariates were added singly, as in the case of S, or in 
groups to minimize loss of error degrees of freedom while 
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eliminating nonsignificant variables and to obtain Informa­
tion on the contribution of groups of terms where various 
levels of Intercorrelation might cloud the apparent contribu­
tion of Individual covarlates. If variation In S significantly 
Influenced yields or changed the Interpretation of treatment 
effects (equation 2), yield data reported In Table 36 were 
adjusted using a regression coefficient for stand obtained 
from analysis of covarlance by regression procedure discussed 
by Cady and Fuller (1970). Stand was omitted from equations (3) 
and (4) when not significant at probability levels <0.30. Bar^  
renness» BL, and SL were respectively omitted from equations ( 3) 
and (4) if negligible or if previous regression analysis in­
dicated them to be significantly affected by lime treatments 
at probability levels <0.30. Covarlates selected in equation 
(3) were used In equation (4) containing soil test values 
from samples collected prior to lime application. No attempt 
was made to further eliminate nonsignificant terms from the 
last equation. Changes in the interpretation of treatment 
effects due to adjustment for initial soil test values were 
considered only where the additional reduction mean square 
for these variables as a group was significant at probability 
levels <0.10. In two cases, treatment means were adjusted 
for all covsoriates In equation (4). 
2 If the RC for L was not significant after adjustment for 
covarlates, the linear model was used, and the above equations 
were refitted. In the following discussion, the aforementioned 
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Table 36. Mean com yields for the respective lime treatments 
at Individual sites In each year 
gQgg Bu/A at 15.5# moisture^  
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
Site 1 Site 2 
0 161.1 148.7 149.1* 153.0 153.4 123.9 86.5 121.3 
1 152.9 147.2 147.3 149.1 142.2 113.8 93.0 116.3 
2 151.6 144.7 144.5 146.9 154.0 116.9 96.2 122.4 
4 157.9 149.7 154.1 153.9 150.6 121.0 81.1 117.6 
8 156.8 148.9 147.0 150.9 151.2 116.7 100.2 122.7 
16 161.0 148.5 144.9 151.5 150.4 123.3 88.9 120.9 
24 158.3 147.6 156.4 154.1 152.3 122.1 79.1 117.8 
32 156.6 144.8 144.0 148.5 144.5 122.6 97.0 121.4 
LSD - - 6.1 - - -
Site 4 Site 5 
0 135.7 106.2 99.6 113.8 126.3^  132.7 123.0* 127.3 
1 136.5 113.4 91.9 113.9 124.0 134.3 115.6 124.6 
2 134.4 113.3 97.6 115.1 122.5 134.9 121.7 126.4 
4 144.2 109.1 97.1 116.8 129.0 142.6 121.4 131.0 
8 133.9 117.2 92.9 114.7 127.3 137.9 119.1 128.1 
16 130.0 123.0 97.8 116.9 128.6 137.4 114.4 126.8 
24 134.9 114.7 93.6 114.4 130.2 133.1 117.9 127.1 
32 131.1 114.6 92.0 112.6 130.6 134.9 115.0 126.8 
LSD — 7.1 - 6.2 - 5.1 
Site 6 Site 7 
0 116.6 — 160.0 138.3 63.4 101.7* 114.9 93.3 
1 119.6 - 160.5 140.1 71.9 105.2 116.6 97.9 
2 113.0 - 158.1 135.6 79.3 102.9 112.8 98.3 
4 119.4 — 158.5 139.0 77.3 102.4 111.8 97.2 
8 123.2 » 158.9 141.1 79.3 105.2 113.8 99.4 
16 111.8 - 156.0 133.9 68.1 99.9 105.3 91.1 
24 122.1 - 160.9 141.5 76.9 107.9 115.2 100.0 
32 116.3 - 162.6 139.5 83.5 108.7 108.2 100.1 
LSD — — — M 
®Mean yields for each treatment are adjusted for variation 
In stand. 
M^ean yields for each treatment are adjusted for co-
variates in equation (4). 
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Table 36. (Continued) 
Bu/A at 15.5# moisture* 
/A 1967 1968 1969 Ave # 1967 1968 1969 Ave. 
Site 7N Site 8 
0 105.4* 132.5* 109.9 98.9 113.8 
1 107.1 136.4 108.9 100.8 115.4 
2 110.6 131.9 114.7 108.9 118.5 
4 111.2 138.6 108.3 115.6 120.8 
8 116.9 133.7 108.4 113.5 118.5 
16 115.6 132.1 102.2 98.2 110.8 
24 119.2 134.8 110.9 116.0 120.6 
32 107.6 137.3 104.1 116.2 119.2 
LSD 13.7 5.0 — — 
Site 9 Site 10 
0 160.1* 132.4* 141.4* 144. 6 76.5 73.9c 75.2 
1 166.0 136.8 145.8 149. 5 77.7 62.0® — 69.9 
2 166.0 137.0 146.0 149. 7 79.8 64.9 — 72.4 
4 165.6 139.6 138.2 147. 8 77.6 62.8 - 70.2 
8 163.9 137.3 142.0 147. 7 81.3 58.7° 70.0 
16 165.1 135.2 139.9 146. 7 85.2 60.5 * 72.9 
24 165.3 128.5 143.2 145. 7 81.8 56.7 — 69.3 
32 165.7 135.8 143.9 148. 5 84.2 59.5 — 71.9 
LSD — - 7.5 7.3 11.2 -
Site 11 Site 12 
0 152.9* — 145.0* 149. 0 77.7 103.2 133.4^  104.8 
1 140.7 — 147.4 144. 1 80.5 102.7 134.5 105.9 
2 150.9 - 142.3 146. 6 73.4 104.3 138.2 105.3 
4 156.0 - 142.1 149. 1 86.3 108.5 134.4 109.7 
8 150.5 144.4 147. 5 87.9 110.6 137.9 112.1 
16 144.8 — 138.6 141. 7 88.8 112.8 135.7 112.4 
24 154.1 - 142.9 148. 5 93.5 117.4 139.5 116.8 
32 154.9 - 137.6 146. 3 83.5 119.7 136.5 113.2 
LSD - - 7.7 10.9 8.7 -
®Mean yield of two plots 
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Table 36. (Continued) 
Bu/A at 15*5% moisture^  hVVf, —— 
/A 1967 1968 1969 Ave. 1967 1968 1969 Ave. 
Site 12N Average^  
0 131.5 123.3 114.8 125.2 121.4 
1 138.0 122.6 113.8 125.3 120.9 
2 132.9 123.3 114.8 126.6 121.9 
4 140.5 127.5 116.0 125.4 123.4 
8 140.6 126.3 115.7 127.0 123.3 
16 140.9 124.2 115.9 122.0 120.9 
24 141.3 127.7 115.4 126.5 123.6 
32 136.1 126.2 116.1 125.3 122.9 
LSD 
e^ans for 1969 do not include sites 7N and 12N. 
equation numbers refer to the appropriate linear or quadratic 
model without or with covariates retained as indicated. 
Equation (1) is reported in Table 37. Partial information 
from equations (3) and (4) is given in Table 38. 
1967 Below normal precipitation was common in most 
areas of Iowa during the period from September of I966 until 
May of 1967. Consequently, subsoil moisture levels were 
markedly low at the outset of the first growing season. 
Immediately following this period, unusually large amounts 
of rainfall occurred, particularly in central and southern 
areas. However, precipitation levels during midseason were 
again limiting, except for parts of east-central Iowa 
(Appendix Table 55)• These conditions, in relation to local 
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Table 37. Regression coefficients, R values, and standard 
errors obtained by fitting equation (1) to com 
yields at each site in each year 
Site 
Regression coefficients 
bi(B) bgfL) b^ (l7T SE 
1967 
1 159.1183 - 1.4125, 0.0694 
-0.0155+ 
0.059 
2 142.7502 3.2563+++ 0.4167 0.237 
4 138.1009 - 0.4875... -0.1850 0.037 
5 118.0921 3.7813+++ 0.1866+ 0.212 
6 104.2197 6.7438** 0.0049 0.328 
7 95.0151 -11.4560** 0.2931 
O.O216+++ 
0.315 
8 133.9418 0.7875 -O.5287++ 0.190 
9 166.0502 - 1.0438 0.0706 0.077 
10 70.8359 3.6813** 0.2116* 0.425 
11 150.0932 - 0.6875 0.1740+ 0.059 
12 90.8377 - 7.0438*** 1.5988** -0.0417** 0.631 
1968 
1 149.7500 - 1.2875+ 0.2794 -0.01129+ 0.149 
2 101.0328 8.6875** 0.1415 0.346 
4 105.9445 1.4938+ 1.1932** -0.0327** 0.447 
5 130.6253 2.9063+++ -0.0512 0.161 
7 101.9254 - 0.3250 0.3045* 0.186 
8 131.9972 -10.8880*** -0.1804++ 0.723 
9 132.8199 2.0438+++ -0.1489+++ 0.227 
10 58.8159 3.3188+++ -0.2794* 0.275 
12 104.9302 - 0.3313 0.5071*** 0.660 
1969 
1 148.8972 - 0.3250 0.0167 0.004 























®RC's for L and are based on units of 10~^  (lb 
ECCE/A). 
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Table 37• (Continued) 
Regression coefficients 




























































management practices, were important in the low yield levels 
reported for sites 7. 10, and 12 (Table 36). 
Relatively high check-plot yields ranging from approxi­
mately 117 to l6l bu/A were attained at sites 1, 2, 4, 5, 6, 
8, 9, and 11 in 1967. Treatment effects were small or non­
existent at these locations. On the other hand, yield levels 
were between 63 and 78 bu/A at sites 7, 10, and 12, where in­
fluence of lime was more apparent. However, due to large 
variation in yield among plots receiving the same lime rate 
at site 7f it was found that treatment effects on yield were 
statistically significant only at the last two of these 
locations. 
The linear effect of lime was significant at site 10 
where yield Increases of approximately 5 to 9 bu/A occurred 
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2 Table 38. Significance levels of EC's, R values, and 
standard errors obtained by fitting equations (3) 
and (4) with selected covariates to yields from 
each site in each year 
2 Site Regression variates R SE 
1967 
1 -B+,+L,+8+,-Ba* 0.290 5.41 
-B++,-L, +S++, -Ba++,-3^ , +ip,-ik, +ipH 0.391 5.63 
2 +B*,+L,-lf++,-Ba* 0.402 5.78 
+B, -tL,-L^ .-Ba+++,- in,-ip,+lk++,+lpH 0.509 5.89 
4 4.B,-L,-Bat++ 0.186 10.92 
+B+,+L,-Ba*.-in^ *.-lp*,+ik,+^ H 0.584 8.73 
5 +B,+L++.+S++,-Ba** 0.653 5.11 
+B++,+L*,+S+, -Ba***, -in, - ip,-ik*, -^ pH 0.848 3.81 
6 +B+++,-L, - in,-ip*,+ik++,-ipE 0.545 7.71 
7 -B*,+L,-Ba***,-RL* O.883 6.71 
-B+,+L,-Ba***,-RL*,+in++,+ip.-ik,-ipH 0.915 6.45 
8 -B,-L,+L^ \+8** 0.517 3.46 
-B,-L+,+L^+,+S**,-ln+,-ip,+lk,+lpH O.63O 3.41 
9 -B+,+L.+S** 0.415 3.48 
-B,+L,+S**,+in,-lp,+ik,+lpH 0.487 3.65 
10 +B*,+L*,-8++ 0.481 4.65 
+B+,+L+++,-S,+ln ,+lp,-ik,+lpH 0.521 5.00 
11 +B,+L.+S**,-Ba+'^  0.491 6.69 
-B, +L+ ,+S**, -Ba+++ ,+in+++, -ip,+lk ,+lpS 0.627 6.44 
12 -B***,+L***,-L2**,+8*,-Ba** 0.794 5.13 
-B++.+L**.-L^ «*,+S++,-Ba++-,+ln.-ip,+ik+,-ipH O.8I8 5.48 
O^mitted if EC's for all covariates were not significant 
at probability levels <0.30. 
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Table 38. (Continued) 
2 Site Regression variates R SE 
1968 
1 -B+ ,+L+, ,+Ba+++ 0.277 3.86 
-B+ ,+L+, , -Ba+++ ,+ln+. +lp, -ik, -ipE 0.342 4.14 
2 +B***,+L,-Ba*** 0.848 5.30 
+B*,-L,-Ba***,+in++.+ip,+ik,+lpH 0.877 5.32 
4 +B.+L**,-L^ **,+in.+lp,+ik,-lpH 0.504 5.02 
5 +B,-L,-Ba* 0.390 5.17 
+B ,+L» —Ba* »+^ n, —^ p I —^ k, —^ pH 0.479 5.34 
7 +B,+L+,-8*,-Ba** 0.578 5.16 
-B,+L+,-8,-Ba+++.-in,-lp+,+lk++»-ipH 0.650 5.28 
8 -B***,-L.+in+,-ip++,+ik,+ipH O.768 6.11 
9 +B.-L++,+S.-Ba++ 0.456 4.07 
+B, —I<,+S, —Ba» —^ n»+_ip »+^ k, —_ipH 0.472 4.51 
10 +B+++,-L*,-8+++ 0.393 6.77 
+B,-L*,-S+,+ln+,+ip,-lk,+lpH 0.447 7.22 
12 -B,+L***,+^ n,+^ p,-^ k,+i^ pH O.694 4.70 
1969 
1 -B,+L.+S++ 
—B,+Li+S"^ "^ , —^ n,+^ p^ »^ —^ k, —^ pii' ' 0*252 5*72 
2 +B*'^ ,+L,-in,+iPt+lk,-ipH^  0.643 17.14 
4 +B+,-L,4.8+++ 0.221 7.59 
+B"^ '^ ,^ —L i+S*, —^ n, —^ p*^ k ,+^ pH** 0.602 6.07 
5 -B.-L*.+in+++,+^ ++,-ik+++,+3j>H** 0.622 3.30 
6 +B,+L, - ln+^ , -^ p, - ik,+ipE 0.329 4.63 
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Table 38. (Continued) 
Site Regression variates R^  SE 
7 +B,-L+,+S+++.-RL** 0.480 8.89 
+B,-L.+S++,-RL**,+ln++.-ip++,+ik++,+ipH 0.710 7.48 
7N -B,+L*«,-L^ **,+S*,-SL+++ 0.549 6.64 
-B,+L*«,-I?**.+S**,-8L'^ ++^ '^ jj)'*-^ ik^ +lpE 0.695 6.20 
8 -B*,+L+,+in,-lp+,-ik,-lpH+++ 0.619 13.31 
9 -B++,-L+,+L^ ++,+S**,-SL+++ 0.555 4.34 
-B+,-L++,+L^ ++,+S*,-SL+++,+in,-ip,+lk+,+lpB++0.64? 4.38 
11 -B,-L*,+S**,+8L++ 0.576 4.16 
-B, -L*,+S*, +SL, -_in, -^ p, +^ k,+i.pE 0.589 4.62 
12 -B ,+L**, -Ba*+8L'++ 0.452 5.05 
-B,+L'*"'', -Ba*, -^ n, +^ p, +lk'*",+ipH 0.606 4.79 
12N +B++,+L,-Ba**»,-RL*** 0.593 6.30 
+B, +L, -Ba**, -RL**,-j^ n, +^ p, - ik, +^ pE*'*' 0.656 6.52 
at llze rates of S,CCO to 32,000 lb/A» Means for the 16,000 
and 32,000 lb/A rates exceeded the average yields from unlimed 
plots by the LSD value of 7*3 bu/A. 
The quadratic effect of lime was negative and highly 
significant at site 12, indicating a decreasing rate of in­
crease in yield with increasing level of lime. Significant 
increases in yield of 11.1 to 15.8 bu/A occurred at the 16,000 
and 24,000 lb/A rates. A maximum yield of 93*5 bu/A was 
attained at the 24,000 lb/A lime level. 
Adjustment for covariates substantially increased the E 
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value of regression equations at some locations. However, 
interpretation of treatment effects was changed only for 
site 5t where the EC for L became significant when Ba and 
initial soil test values were held constant. Nevertheless, 
the control treatment mean failed to differ by the LSD from 
means for other lime rates after yield adjustment. 
Average treatment means for the first year indicated a 
tendency for lime to increase yields slightly at rates > 4,000 
lb/A. However, yields for these treatments were only 1 to 4 
bu/A greater than for the control treatment and were not con­
sistently related to lime rate. 
1968 The 1968 growing season brought variable con­
ditions across the state which resulted in corresponding yield 
fluctuations. Conditions were less favorable than in I967 
at nearly half of the experiment sites, as indicated by 
overall com yield reductions from 10 to 30 bu/A at these 
locations» Severe drought accompanied by a low soil moisture 
reserve in the spring resulted in complete crop failure at 
site 6. On the other hand, average yields were on the order 
of 10 to 30 bu/A higher than in the previous year at sites 
5t 7t and 12. Due to an unfortunate communication problem, 
yield data were not obtained prior to harvest at site 11. 
Although yields were generally somewhat lower in the 
second year, the positive influence of lime was again apparent 
at sites with lower check-plot yields, ranging in this case 
from approximately 103 to 106 bu/A at two responsive sites. 
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At another location, yields decreased with lime rate for 
reasons discussed later. 
The quadratic effect of lime was negative and highly 
significant at site 4, with yield increases equal to or 
greater than the LSD value of 7.1 at all lime rates except 
4,000 IbA• These increases ranged from 7.1 to l6,8 bu/A. 
With the exception of the 16,000 lb/A lime level, at which 
the maximum yield occurred, there was little difference among 
lime rates in their effect upon yield. 
An apparent increase in yield with the two highest lime 
rates was significant at site 7 prior to, but not after, 
adjustment for variation in S. The significance level was 
further reduced when Ba was held constant (equation 3) • 
The second location at which lime significantly raised 
yields was site 12, In contrast with the first year, yields 
Increased linearly with lime rate. The yield trend was 
rather uziifonu, but significant increases of 9*4 to 16.3 bu/A 
occurred at lime rates >16,000 lb/A. A maximum yield of 
119.7 bu/A was associated with the highest level of lime. 
At site 10, where a positive response to treatments had 
been observed in I967, the linear effect of lime was negative 
and significant. Limiting rainfall as well as heavy infesta­
tion of rootworm beetles at the silking stage contributed to 
a low yield level. Yields declined significantly from a 
maximum of 73.9 bu/A at the zero lime level to an average of 
58.9 bu/A at the four highest lime rates. Factors involved 
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in this response trend will be treated in subsequent 
discussion. 
Aside from site 7, covariates did not change the in­
terpretation of lime effects at any location. Average 
treatment means for the second year indicated that lime rates 
>^ ,000 lb/A tended to increase yields by 2 or 3 bu/A when 
means from site 10 were ignored. Such increases were again 
smaller than the standard error at individual sites. 
1969 More favorable soil moisture conditions and/or 
cumulative effects of improved management resulted in highest 
yields for the 3-year period at sites 6, 7, smd 12. However, 
severe storms caused crop damage and reduced yields at two 
experimental sites in addition to site 10, where hail com­
pletely destroyed the young com crop. A windstorm before 
the silking stage caused considerable lodging of plants at 
site 2. The crop also suffered from excess soil moisture 
at this location and yields were low as well as variable. 
At site 5, a severe windstorm in early September caused 
essentially 100^  SL. Grain filling was Incomplete at that 
stage, and full yield potential of the plants was not attained. 
The yield level of sites showing no positive relationship 
between yield and lime rate varied considerably more than in 
the previous years, i.e., from approximately 87 bu/A at site 
2 to 160 bu/A at site 6. At the only site where an Increase 
in yield with lime rate ultimately proved to be significant, 
the mean control treatment yield was approximately 20 bu/A 
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lower than the corresponding mean for all sites. Negative 
trends between lime rate and yield were found to be signifi­
cant at two locations. 
Treatment effects at site 1 were statistically signifi­
cant in the AOV, but not in equation (1). This was due to 
higher yields at the 4,000 and 24,000 lb/A rates. Since 
these increases were not consistent with lime level, they 
were considered to be the result of chance and, therefore, of 
no importance. 
Yields at site 7 were variable, showing an increase with 
applied lime only among subplots receiving additional nitrogen 
fertilizer (7N). The quadratic effect of lime was negative 
and significant, with yield Increases between 10.2 and 13.8 
bu/A occurring at lime levels of 8,000 to 24,000 lb/A. How­
ever, the only significant yield difference was associated 
with the highest of these rates. The yield trend observed 
at site 7 would not have been expected if, other things being 
equal, nitrogen was limiting and lime influenced yield pri­
marily by increasing nitrogen availability. However, these 
results are somewhat Inconclusive because of late planting 
date and stand Irregularity. 
The data for site 8 indicated an average increase of 
approximately 12 bu/A for the six highest rates of lime. 
However, yields were irregular, and most of this response 
occurred in one block where the yield level was lower. The 
standard error was high enough that the apparent treatment 
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effects failed to be significant. 
At site 12, the linear effect of lime was again positive 
and significant in equation (1), but adjustment for initial 
soil test values removed most of this effect. It was observed, 
in this regard, that ^ p was significantly correlated by chance 
with L. A somewhat larger increase in yield with lime was 
apparent among subplots receiving additional nitrogen fer­
tilizer (12N). However, the variation among plots treated 
alike was larger in this case, and the observed differences 
among treatment means failed to be significant. 
Yield depressions at high lime rates followed a signifi­
cant trend at site 11 and, after adjustment for initial soil 
test values, also at site 5* The maximum reduction in yield 
(7.4 bu/A) at site 11 was associated with the highest lime 
rate and was slightly smaller than the LSD value. Therefore, 
the importance of this trend is questionable. At site 5» 
significant differences among adjusted treatment means were 
attributable to the three highest lime rates. The average 
reduction for these treatments was approximately 7 bu/A. 
Covariate effects were Important only in the aforemen­
tioned cases. Overall treatment means for 1969 indicated 
little change in yield with lime rate. 
Evaluation of lime effects at sites with a trend yield response 
The nature of lime influence on com yields at sites with 
a linear or quadratic relationship between lime rate and yield 
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was given fiorther consideration by determining the contribu­
tion of other treatment-dependent variables to yield variation 
at each of these locations. The dependent variables were 
those found earlier to be significantly related to lime 
treatments (equation 1) at probability levels <0.30. These 
variables were added in groups to equation (3) or, where 
relevant, to equation (4) in the manner indicated by the 
following equations: 
The equations, as presented, indicate the maximum num­
ber of terms to be added to the selected linear or quadratic 
model with covarlates. For each responsive site, inappropriate 
terms were omitted according to the aforementioned criteria. 
Letter designations (a) and (b) used in subsequent tables with 
equation numbers indicate the applicable models with and with­
out term(s) for lime respectively. The counterpart equations, 
indicated by (b), were fitted for the purpose of comparing 
the contribution of selected variables to the variation in 
yield when lime rates were ignored. 
(5) Y = f(B, L, L^ , S, Ba, EL, SL) 
(6) Y = f( 
(7) Y = f( 
(8) Y = f( 
(9) Y = f( 
, n, p, k) 
. N, P, K) 
, Ca, Mg) 
, Cu, 
Fe, Mn, Zn) 
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196? As noted earlier, adjustment for initial soil 
test variables resulted in a significant negative relation­
ship between lime rate and yield at site 5» Therefore, these 
terms were included in equations (5) through (?) in Table 39, 
Addition of EL to the model (equation 5a) resulted in little 
change in the value, but reduced the significance level of 
the L term, which then accounted for only about 4^  of the 
yield variation. Soil test values, n and k, accounted for an 
additional of the yield variation (equation 6a) and most of 
the remaining L effect on yield. Leaf N, P, and K accounted 
for approximately 3^  of the yield variation when the variables 
in equation (5a) were held constant. However, the concentra­
tions of N, P, and K in leaves were somewhat less instrumental 
than soil test values in explaining the effect of lime on 
yield. 
Equations pertaining to data from site 10 are presented 
in Table 40. As reported earlier, the linear effect of lime 
on ^  Ba was negative and significant at this location. Equa­
tions (5a) and (5b) indicated that Ba accounted for most of 
the relationship between lime rate and yield. Soil test 
values for N, P, and K (equations 6a and 6b) contributed 
little to the variation in yield when variables in the pre­
vious equation were held constant. The levels of N, P, and 
K in com leaves (equations 7a and 7b) explained an additional 
8 to 9% of the yield variation. 
At site 12, lime rates explained a much larger fraction 
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Table 39. Regression equations used to evaluate yield re­
sponse to lime at site 5 in 196? 
Eq'n (5a) Eq'n (5b) 
Variates RC t value RC t value 
b. 102.7148 103.1584 
B" 2.7244 1.760++ 2.4101 1.441++ 
L 0.1727 I.922+++ 
S 4.1409 1.213+ 3.8290 1.034 
Ba - 2.2341 2.811* - 2.2210 2.573* 
in - 0.0404 0.236 - 0.0240 0.129 
ip - 0.1095 0.803_^  ^ - 0.0546 0.377. . . 
ik - 0.3549 2.003+++ - 0.3455 1.796+++ 
ipH - 2.0087 0.368 - 1.1248 0.190 
RL - 0.1358 0.876 - 0.2126 1.306+ 
R^ 0.856 0.818 
SE 3.84 4.17 
Eq »n ( 6a) Eq »n (6b) 
82.6139 82.0185 
B° 0.2202 0.161 0.0761 0.062 
L 0.0241 0.302 «• 
S 5.6970 2.146+++ 5.7255 2.237* 
Ba 
- 2.5938 4.217** - 2.6066 4.405*** 
in - 0.0561 0.430 - 0.0548 0.435 
ip 
- 0.0950 0.501 - 0.0477 0.462 
ik - 0=3074 2.220* - 0.3036 2.283* 
ipH 
- 1.7720 0.430 - 1.6775 0.423. . . 
RL - 0.1862 1.582++ - 0.1962 1.801+++ 
n 0.2393 2.976* 0.2491 3.512** 
k - 0.1611 2.665* 0.1691 3.220** 
R^  0.930 0.929 
SE 2.89 2.79 
Eq 'n (7a) Eq *n (7b) 
48.0239 26.5792 
1.425++ B" 4.2099 i.93o;*t+ 3.1078 
L 0.1564 I.553++ •• « 
S 4.1536 1.172+ 4,7658 1.280+ 
Ba 
- 2.3854 2.663* 
- 2.5783 2.749* 
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Table 39* (Continued) 
Eq'n (7a) Eq'n (7b) 
Varlates RC t value EC t value 
In 0.1698 0.694 0.2915 l'190+ 
ip - 0.3507 1.836+++ - 0.3431 1.699T 
Ik - 0.2424 1.202+ - 0.2535 1.190+ 
IpH - 6.1913 0.891 - 8.7033 1.218+ 
RL - 0.0107 0.062 - 0.0758 0.425 
N - 0.1668 0.701 - 1.9461 0.084^  ^
P 475.6803 I.852+++ 476.7273 1.756"^ "'" 
K - 6.4587 0.414 - 13.8240 O.88O 
R^  0.891 0.867 
SE 3.77 3.98 
of the variation In yield than at site 10. Neither the soil 
test values for N and P nor the N, P, and K percentages in 
leaves accounted for much of the yield variation associated 
2 
with treatments (Table 4l), Increases in R values were 
approximately O.O3 and 0.07 for equations (6a) and (7a). in 
which lime accounted for about 14 and 10^  of the yield 
variation, respectively. 
The preceding results suggest that unmeasured nutritional 
or environmental factors influential on plant growth and re­
lated to lime treatments were involved in the observed yield 
response. It is probable in this regard, that the lime in­
fluence on yield resulted from the combined effects of and 
Interactions between a number of these variables. An alterna­
tive explanation is that lime affected yields primarily 
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Table 40. Regression equations used to evaluate yield re­
sponse to lime at site 10 in 196? 
Eg ' n ( 5a) Eq'n (5b) 
Variates EC t value RC t value 
b. 88.8498 87.0011 
2.8199 2.399* 2.7329 2.338* 
L 0.0975 0.950 — — 
S 
- 0.3369 0.286... 0.0349 0.032 
Ba - 0.5689 1.930+++ - 0.7262 2,985** 
SL - 0.1824 0.296 - 0.3311 0.557 
R^  0.572 0.551 
SE 4.45 4.44 
Eq'n (6a) Eq'n (6b) 
b. 98.8446 90.6615 
2.087+++ B° 2.9778 2.213* 2.7647 
L 0.1120 0.969 — — 
S 
- 0.2033 0.147^  0.0729 0.054 
Ba - 0.5268 I.577++ - 0.6732 2.263* 
SL - 0.2887 0.427 - 0.4269 0.647 
n 0.0251 0.181 0.0420 0.307 
P 0.0864 0.388 0.0718 0.324 
k - 0.2116 0.568 - 0.1107 0.310 
R^  0.591 0.566 
SE 4.76 4.76 
Eq'n (7a) Eq »n (7b) 
b. 73.4195 57.9346 
B° 3.3262 2.592* 3.4594 2.789* 
L 0.0782 0.619 — — 
S - 0.4266 0.352^  - 0.1248 0.115 
Ba 
- 0.5352 1.645++ - 0.6495 2.473 
SL - 0.0837 0.134 - 0.1264 0.207 
N 
- 5.9671 0.379^  ^ - 1.5332 0.112 
P 124.2717 1.560++ 120.9491 1.552;*; 
K 9.1359 0.795 12.2113 1.202+ 
R^  0.649 0.640 
SE 4.42 4.33 
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Table 4l. Regression equations used to evaluate yield re­
sponse to lime at site 12 in I967 
Eq'n (6a) Eq'n ( 6b) 
Variates RC t value RC t value 
0^ 58.9915 62.6927 
- 7,0940 4.807*** - 6,0680 3.447** 
Lp 1.7711 3.275** - — 
- 0.0483 3.524** mm — 
s 1.5550 2.627* 1,2861 1.742+++ 
Ba - 1,0228 2.675* - 0,8564 1,864+++ 
n - 0.0184 0.257^  0,1124 2.659* 
? 0.2904 1.713"^  0,1399 0.682 
R2 0.827 0,691 
SE 5.00 6.29 




- 8.0144 3.937** - 7.5431 3.058** 
1.1843 3.236** — — 
L2 
- 0.0350 3.356** — 
S 2.0236 3.565** 2,0842 3.020** 
Ba 
- 0.9554 2.806* - 0,8713 2,084+++ 
N 18,8022 1.352++ 28,9221 1.888+++ 
P 121.4733 0.950^  141.1769 0.891 
K - 10.9049 1.618++ - 10,2072 1.228+ 
R^  0.860 0,756 
SE 4.63 5.76 
through N, P, and K, and that the soil tests and leaf analyses 
failed to provide good indices of the availability of these 
elements to the plants. If the potential number of factors 
influenced by lime as well as the fertilizer program are con­
sidered, this alternative seems to be less realistic. Never­
theless, it is recognized that the soil test values and the 
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data from leaf analysis are potentially subject to limitation 
because of such factors as time of sampling and/or moisture 
availability. 
1968 The fitting of equations (6a) and (7a) to 
yields at site 4 (Table 42) indicated that n, p, and k ex­
plained approximately of the yield variation while leaf 
P and K accounted for only about 1^  when blocks and lime rates 
were held constant. The value for equation (6b) was nearly 
as large as that for equation (1), indicating that the effect 
of n, p, and k on yield was almost as great as that of L and 
when only block variation was removed. However, lime 
rates again accounted for a significant part of the yield 
variation even after adjustment for n, p, and k, or leaf P 
and K. Consequently, the conclusions suggested in the dis­
cussion of results for site 12 in I967 appear to be appropri­
ate for site 4. 
At site 10, the negative effect of lime on yield was 
accounted for mainly by Ba, which was reported earlier to 
increase with lime rate (Table 43)» Lime accounted for 
essentially none of the yield variation in equations (5a) 
through (7a). The contribution of n and p was very small in 
equations (6a) and (6b). Leaf P was the only additional 
term in equations (7a) and (7b) contributing significantly 
to yield variation. Leaf P and K accounted for approximately 
13% of the yield variation in the last two equations. 
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Table 42, Regression equations used to evaluate yield re­
sponse to lime at site 4 in 1968 
Eq »n (6a) Eq *n (6b) 
Variates RC t value RC t value 
b. 123.1850 119.7355 
0.756 0.1376 0.111 - 1.1339 
L. 1.3519 3.807** - -
L2 
- 0.0348 3.615** — — 
n - 0.2692 2.470* - 0.0585 0.594 
P 0.3820 1.363+1". 0.8643 2.850* 
k - 0.0590 2.058+++ - 0.0876 2.541* 
R^  0.675 0.397 
SE 3.94 5.08 
Eq 'n (7a) Eq 'n (7b) 
0^ 91.8665 1.238+ 
69.5134 
1.6984 0.5956 0.397 
1.2512 2.834* — -
L2 
- 0.0339 2.635* — 
P 7.1081 0.048 255.9514 1.878+++ 
K 5.7181 0.521 - 10.9712 -1.076+ 
R^  0.458 0.209 
SE 4.95 5.67 
Equations (5) through (?) indicated that lime effects on 
yield at site 12 again could not be attributed primarily to 
increased N or P availability (Table 44). Ammonifiable N was 
the only parameter of nutrient availability significantly 
related to yield when the term for lime was omitted from the 
equations. The combined effect of n and p accounted for about 
29% of the yield variation in equation (6b), but only about 
2% of this variation in equation (6a). Leaf N was not 
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Table 43, Regression equations used to evaluate yield re­
sponse to lime at site 10 in 1968 
Eq'n (5a) Eg'n (5b) 
Vsœiates RC t value RC t value 
bo 108.4868 111.1678 
0.5301 0.338 0.5833 0,391 
L 0.0222 0.164 — — 
S 
- 1.6595 0.543 - 1.8390 0,662 
Ba - 0.9180 3.090** - 0.8910 3.705** 
SL 0.0319 0.075^  0.0107 0,027 
RL 
- 0.1778 1.198+ - 0.1756 1,222+ 
R2 0.669 0.668 
SE 5.42 5.27 
Eq »n ( 6a) Eq 'n (6b) 
b. 113.0612 109.0178 
B° 0.1447 0.080 0.1244 0,070 
L 0.0747 0.406 — — 
S 
- 1.9528 0.560 - 1.9216 0.566 
Ba - 0.9052 2.906* - 0.8669 3,000** 
SL 0.0999 0.204 0.0989 0,208 
RL - 0.1878 1.156+ - 0.1698 1,116+ 
n - 0.2109 0.612 - 0.1217 0,470 
P 0.1864 0.543 0.2315 0,732 
R^  0.689 0.685 
SE 5.60 5.45 
Eq 'n (7a) Eo 'n (7b) 
b. 4.2899 1.9123 
B° 0.7805 0.596 0,6944 0.559 
L - 0.0351 0.306 — 
S 0.2583 0.098 0,5025 0,207 
Ba - 0.9272 3.653** - 0,9695 4.687**4 
SL 0.0594 0.162 0,0931 0.275 
RL - 0.2699 2.09O+++ - 0,2721 2.172* 
P 244.2727 2.904* 240,8405 2.974** 
K 11.3215 1.062 10,9542 1.065 
R^  0.797 0,796 
SE 4.52 4,39 
165 
Table 44. Regression equations used to evaluate yield re­
sponse to lime at site 12 in I968 
Eq'n ( 5a) Eq'n (5b) 
Variates RC t value RC t value 
106.9672 99.4145 
- 0.2088 0.180 - 0.9096 0.512 
L 0.5367 5.486*** — 
SL - 0.1704 0.539 0.8046 1.991'*"' 
R^  0.665 0.160 
SE 4.54 7.02 
Eq'n ( 6a) Eq'n ( 6b) 
101.3989 90.5568 
- 0.0671 0.056 
- 0.4755 0.311 
L 0.5004 3.665** — — 
SL - 0.3202 0.901 - 0.0554 0.124 
n 0.0074 0.107 0.1727 2.578* 
P 0.1781 1.038 0.2569 1.173+ 
R^  0.684 0.449 
SE 4.65 5.97 
Eq'n (7a) Eq'n (7b) 
b. 123.7486 9.0361 
B" 0.0928 0.053 - 2.4934 0.977 
L 0.5437 5.195*** 
SL - 0.1560 0.473 0.6574 1.493"^ "*" 
N - 5.2526 0.233 28.4561 0.869 
R^  0.666 0.191 
SE 4.65 7.06 
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related to yield, 
1969 Negative treatment effects on yield at site 5 
were investigated by adding terms to equation (4), since the 
significance of L was contingent upon adjustment for initial 
soil test values (Table ^ 5)* Soil test values for P and K had 
little relationship with yield variation, but adjustment for 
these factors tended to increase the significance of the 
linear treatment effect somewhat. Available P and ex­
changeable K accounted for approximately 6^  of the yield 
variation in equation (6a), while lime accounted for approxi­
mately 20#, Leaf N, P, and K accounted for most of the rela­
tionship between lime rate and yield but contributed slightly 
less than p and k to the value. Calcium and Mg in equa­
tions (8a) and (8b), and mlcronutrients in eq^ iations (9a) and 
(9b) explained additionally about 7 and 11% of the yield 
variation, respectively. 
At site 7N, the measured treatment-dependent factor 
most influential on yield was leaf P (Table 46), The combined 
effect of leaf P and K accounted for approximately 18% of the 
yield variation when all variables In equation (5a) were 
held constant and for approximately of the yield variation 
when all of these variables except L and were held constant. 
The corresponding contributions of n, p, and k were approxi­
mately 6 and 10#, respectively. However, neither n, p, and k. 
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Table Regression equations used to evaluate yield re­
sponse to lime at site 5 in 1969 
Eq'n (6a) Eq'n (6b) 
Variates EC t value RC t value 
0^ 59.3241 
B" - 1.1415 1.014 
L - 0.2422 3.097** 
in 0.2301 1.750++ 
ip 0.1856 1.648++ 
ik - 0.1778 1.642++ 
ipH 10.8988 3.730** 
p O.I85I 1.516++ 













Eq 'n (7a) Eq 'n (7b) 
0^ 117.1046 118.9843 
- 0.7085 0.496 - 0.4253 0.346 
L — 0.0660 0.428 » 
in 0.2089 1.303+ 0.1940 1.275+ 
IP 0.1416 1.131+ 0.1269 1.084+ 
ik 
- 0.1533 1.233+ - 0.1349 1.189+ 
ipH 11.7764 3.299** 12.1505 3.611** 
N - 16.3171 0.635 - 15.5143 0.623 
p 
- 91.2851 0.656 -137.1379 i.591* 
k 3.9761 0.506 5.7517 0.886 
R^  0.656 0.652 
SE 3.47 3.37 
Eq 'n (8a) Eq 'n (8b) 
0^ 83.9212 83.4788 0.2190 0.148 0.3165 0.257 
L - 0.0203 0.133 — — 
in 0.1205 0.726 0.1160 0.743 
IP 0.1132 0.850^  0.1072 0.890^  
ik 0.1666 1.386++ - 0.1612 1.483++ 
ipH 12.4066 3.581** 12.5311 3.908** 
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Table 45. (Continued) 
Eq*n (Sa) Eq'n (8b) 
Variâtes RC t value RC t value 
N - 5.5098 0.207 - 4.9501 0.196 
P 29.2436 0.171 19.5400 0.132 
K 0.4374 0.056 0.8806 0.128 
Ca - 0.1166 0.002 - 1.3633 0.029 
Mg - 73.9920 1.305^  - 73.9586 1.356"*"+ 
R^  0.728 0.728 
SE 3.33 3.20 
Eq'n (9a) Eq'n (9b) 
0^ 22.1465 21.9529 B" - 0.1406 0.100 - 0.1101 
L - 0.0064 0.046 
in 
- 0.0958 0.476 - 0.0974 
IP 0,2149 I.57I++ 0.2131 
ik - 0.1404 1.238+ - 0.1387 
ipH 15.3112 2.657* 15.3527 
N 10.0777 0.370 10.2735 
P 
-140.2473 0.554 -143.5068 
K 8.0405 0.939 8.1855 
Ca 49.9979 0.968 49.6602 
Mg 
- 66.0726 1.110+ - 66.0802 
Zn 0.9783 0.672 0.9793 
Cu - 1.8344 1.561++ 
- 1.8351 
Mn 
- 0.1908 1.497*+ - 0.1911 
R^  0.834 0.834 












nor leaf P and K accounted for ail of the lime effect on yield. 
Lime terms explained 11 and 9.^  of the yield variation in 
equations (6a) and (7a), and the quadratic effect of lime 
remained significant at the 0.10 probability level. 
At site 11, soil test values accounted for approximately 
169 
Table 46. Regression equations used to evaluate yield re­
sponse to lime at site 7N in I969 
Eq 'n (5a) Eq 'n (5b) 
Variates BC t value RC t value 
52.5063 57.6940 
- 1.3229 0.648 - 0.9561 0.434 
1.5026 2.404* — — 
L2 
- 0.0493 2.295* — -
S 3.2489 2.630* 3.3314 2.630* 
SL - 0.7784 0.754^  ^ - 0.6492 1.269+ 
Ba - 0.4995 1.639+ - 1.3298 2.207* 
R2 0.564 0.415 
SE 6.73 7.37 
Eq'n ( 6a) Eq 'n ( 6b) 
bg 43.0335 56.8798 
0.454 B" - 1.2131 0.519^  - 1.1121 
L 1.3181 1.74311". » 
L2 
- 0.0467 1.976+++ — 
S 3.4380 2.253* 2.6850 I.7O5++ 
SL - 0.8026 0.763^  ^ - 0.7285 1.396tt. 
Ba 
- 0.5345 1.615++ - 1.1161 I.797+++ 
n 0.4481 1.243+ 0.5378 1.566++ 
P - 0.0735 0.136 0.1410 0.320 
k - 0.0019 0.050 - 0.0089 0.272 
R2 0.624 0.513 
SE 6.88 7.33 
Eq 'n (7a) Eq'n (7b) 
b. - 65.2032 
1.148+ 
- 57.9071 B° 
- 2.2674 
- 1.9798 0.928 
L 0.7572 1.339+ — — 
L2 
- 0.0329 I.790+++ — — 
S 5.2898 4.370*** 4.6075 4,217*»* 
SL - 0.8432 0.707... - 0.8200 1.848f++ 
Ba - 0.3854 2.056+++ - 0.6518 1.227+ 
P 406.4235 2.992** 402.8988 3.069** 
K - 12.4328 1.395++ - 9.0698 1.076+ 
R2 0.741 0.656 
SE 5.52 5.98 
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2Q)% of the yield variation in equation (6a), but only 3% of 
the variation in yield when L was omitted (equation 6b, 
Table 4?). The effect of lime was enhanced by adjustment 
for n, p, and k. If lime had influenced yield primarily 
through changes in N, P, and K availability, the contribution 
of n, p, and k would have been expected to be larger in 
equation (6b) than in equation (6a). The presumed reason 
for the lack of significsint EC's for soil test terms when L 
is omitted from the model is the presence of interactions 
between lime and initial n, p, and k, such that cancellation 
of n, p, and k effects occurred when L was not held constant. 
As in the case of soil test values, leaf N and P effects 
on yield were larger when L was included in the model. 
Approximately 15% of the yield variation was accounted for 
by leaf N and P in equation (7a)» but the effect of L on yield 
continued to be highly significant. On the other hsuid, the 
inclusion of terms for micronutrients in the model (equation 
9a) increased the R value slightly but decreased the sig­
nificance level of L, which then accounted for only about 
of the yield variation. When L was omitted from this equation, 
the micronutrients accounted for an additional 30% of the 
yield variation. These results suggest that the decline 
in Zn, Cu, and Mn with increasing lime rate may have played 
some role in the negative Influence of lime on yield. The 
negative relationship between leaf N and lime was apparently 
not of much Importance in terms of explaining the yield trend. 
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Table 4?. Regression equations used to evaluate yield re­
sponse to lime at site 11 in 1969 
Eq'n (5a) Eq'n (5b) 
Variates RC t value RC t value 
b^  61.8925 51.4080 
- 0.6407 0.621 - 0.6625 0.541 
L - 0.2190 2.961** — — 
S 5.1210 3.713** 5.6358 3.470** 
SL 0.2438 1.788+++ 0.1906 1.188+ 
Ba - 1.4464 1.638++ - 1.2556 1.201+ 
R^  0.631 0.451 
SE 3.99 4.74 
Eq 'n (6a) Eq »n (6b) 




- 1.1955 0.753 
L - 0.3817 5.444*** — — 
S 5.0161 4.677*** 5.6671 3.183** 
SL 0.0288 0.205 0.2180 0.959 
Ba - 0.2982 0.412,,. - 1.0050 0.846 
n 0.3939 1.781+++ O.O68I 0.192 
P 0.4549 3.798** 0.1129 0.662 
k - 0.1017 3.803** - 0.0353 0.888 
R^  0.826 0.481 
SE 3.01 5.02 
Eq'n (7a) Eq'n (7b) 
176.1262 59.6833 
B° 0.5053 0.558 - 0.4474 0.330 
L 
- 0.3575 4.894*** — — 
S 3.5844 2.893* 5.4982 3.051** 
SL 0.0730 0.525: 0.1352 0.637 
3a 
- 0.9637 1.308+ - 1.1246 0.996 
N - 39.8238 3.055?*. - 5.3891 0.320 
P 131.8648 2.025^ +^  38.5970 0.404 
R^  0.783 0.459 
SE 3.24 4.97 
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Table 4?, (Continued) 
Eq'n (9a) Eq»n (9b) 
Variâtes RC t value RC t value 
b. 170.0460 115.1189 
B° 0.7819 0.568 0.3686 0.252 
L - 0.2783 1.762++ — — 
S 3.5201 2.592* 3.9030 2.701* 
SL 0.1392 0.587^  0.1564 0.613^  
Ba - 0.9869 1.194+ - 1.2919 1.483+ 
N 
- 41.7371 2.865* - 32.2444 2.210* 
P 82.3668 0.797 51.4017 0.468 
Zn 0.1975 0.872 0.3056 1.300+ 
Cu 0.4605 0.387 0.5875 0.459^  
Pe 0.1430 0.648 0.2556 1.122+ 
Mn - 0.0205 0.354 0.0392 0.776 
R^  0.810 0.761 
SE 3.50 3.78 
In summary, the measured treatment-dependent factors 
that were associated with the effect of lime on yields ranged 
from Ba to micronutrient levels in com leaves. Changes in 
soil test values or leaf percentages of N, P, and K failed 
to explain much of the yield variation attributable to lime 
rates at some locations. Levels of these leaf nutrients were 
not more consistently related to yield variation than were 
soil test values. The results obtained suggested that yield 
response to lime may have resulted from a combination of 
factors only partially defined under the conditions and 
procedures of these experiments. 
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Evaluation of combined yield data 
The analysis of data combined among sites and years 
was complicated by the fact that repeated measurements from 
year to year were made on the same plots, each of which re­
ceived one Initial treatment. Under these circumstances, plot 
effects can result In a relationship or 'autocorrelation' 
between plot yields among years. The consequence of such a 
relationship Is that the least-squares procedures may lead to 
an overestlmatlon of treatment effects (Johnston, 1963). 
The problem of combining data among years from experiments 
where treatments are reapplied to the same experimental unit 
has been considered In the studies of Fuller and Cady (I965) 
and Shrader et al. (1966), In these cases, however, plot 
effects were assumed to be zero on the basis of preliminary 
tests. 
In the present study, the potential problem of autocorre­
lation was avoided with soli test and leaf composition vari­
ables by analyzing site data combined only within years. 
Analysis of yield data combined among sites and years was 
performed by computing an AOV in which years were treated as 
subplots in a split-plot design. In this procedure, it is 
assumed that a correlation exists between yearly experimental 
errors for a given plot. 
Stand was used as a covarlate in the analysis of combined 
yield data (Table 48). Nevertheless, error variances within 
years after adjustment for stand were found to be heterogeneous 
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Table 48. Combined analysis of covariance®' of corn yield 
for eight experiments® in three years 
Degrees 
Source of of 
variation freedom Mean squares F 
Sites (S ) 7 20,789.81*** 260.29*** 
Blocks (B) 16 772.28 9.67*** 
Lime treatments (L) 7 103.01 1.29 
Linear L 1 98.12 1.23 
Lack of fit 6 103.83 1.30 
S x L 49 71.18 
Error (a)® 112 83.68 
Year (Ï) 2 4,030.25 61.30*** 
S x Y 14 7,173.48 109.12*** 
B x Y 32 246.34 3.75*** 
L x Y 14 32.72 <1 
S x L x Y 98 55.63 
Error (b) 223 70.19 
S^tand = single covariate. 
S^ites 6, 10, and 11 omitted. 
®Pooled error variances are heterogeneous. 
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according to Barlett's test. The site x lime effect was 
not significant. Consequently, site, block, and lime mean 
squares were tested against a mean square based on pooled S z 
L and error (a) sums of squares. The use of restricted de­
grees of freedom, discussed earlier, had no influence on the 
interpretation of F tests. Site and block effects were rela­
tively large, but overall and linear treatment effects were 
not significant. 
Since the site x lime x year interaction was not sig­
nificant, mean squares for years and two-way Interactions in­
volving years were tested against a mean square based on 
pooled S X L X Y and error (b) sums of squares. Years and 
interactions between sites and years, as well as between 
blocks and years, were highly significant. Lime x year effects 
on yield were small, indicating that treatment effects did 
not differ significantly among years. Presumably, the dilu­
tion of relatively small treatment effects was responsible 
for the absence of this interaction. 
It was originally anticipated that differences among 
sites in yield response could be evaluated by further study 
of interactions between lime and various uncontrolled factors 
that were measured to characterize locations. However, lime 
effects upon yields were not sufficiently large and frequent 
enough among sites to result in significant site x lime inter­
actions. In view of this finding, it was concluded that 
dilution of treatment effect differences in further analyses 
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of combined site data would not permit meaningful indications 
of how yield response varied among locations. 
Characterization of sites with significant yield increases 
due to lime 
The study of lime effects on corn inevitably leads to 
questions regarding site and management factors which are dis­
tinctive of locations where yields increased with lime. To 
facilitate discussion of site differences, these factors were 
summarized in tabular form for locations where significant 
yield increases were observed in at least one year (group 1) 
and for locations where no such response was measured (group 2, 
Table 49). 
The ipH of surface soil samples ranged from 5*55 to 6.20 
at the four sites in group (1), but three of these locations 
had values <5«70. In group (2), several sites had an ^ pH 
<5«90f but the pH of initial soil samples from sites without a 
significant yield increase tended to be somewhat higher than 
for group (1) sites. At a depth of 12 to 24- inches, pH values 
tended to decline among sites in group (1), but generally in­
creased at sites where no significant yield increase occurred 
with lime. 
Little difference existed among ^ n levels for the two 
groups of sites. Surface samples from several locations in 
both groups were low or very low in ^ p, but on the average, 
p^ was somewhat higher among sites with no significant 
Table 49. Ranges and mean values of site and management factors® for sites 
with (1)" and without (2) significant yield Increases from lime treat 
ments during the 3-year period 
Factor 
Group (1) sites Group (2) sites 
Range Mean Range Mean 
Surface soil (0-6 Inches) 
ipH 5.55-6.20 
In 27-58 pp2m 
îp 10-32 
Ik 71-279 






p 6-14 pp2m 
k 43-84 




















2 . 6 - 6 . 2  
13.9-30.8 
70.3-83.9* 


































V^alues for all factors pertaining to soil and leaf analysis were obtained from 
control plot means, with the exception of Initial soil tests on surface samples, for 
which values were based on site averages for all plots. 
S^ltes at which yield Increases due to lime were significant at probability 
levels <0.05, I.e., sites 10 & 12 In I967, sites 4 & 12 In I968, and site 7N In I969. 
Table 49• (Continued) 
Factor 
Group (1) sites Group (2) sites 
Range Mean Range Mean 
Leaf nutrient levels 
N 2.35-3.35^  2.78^  2.32-3.44# 2.88# 
P 0.161-0.302 0.226 0.211-0.334 0.270 
K 0.95-3.10 1.85 1.06-3.40 2.22 
Ca - — 0.61-0.78 0.71 
Mg •• - 0.16-0.40 0.24 
Cu - - 5«5-9.0 ppm 7.4 ppm 
Fe - - 98-181 131 
Mn - - 59.8-151.9 90.3 
Zn - 19.0-39.7 28.0 
Stress Index° 
81(1) 52-650 395 5-744^  264 
81(2) 214-1606 979 35-1951 720 
Fertilizer applied 
N 126-235 lb/A 170 lb/A 100-211 lb/A 161 lb/A 
P 15-46 33 11-73 40 
K 15-69 44 17-139 70 
Time of planting 
Date 5/3-6/3 5/14 4/29-5/30 5/8 
S^tress Index summations for periods (1), 2 weeks before to 2 weeks after the 
75^ -8llklng date, and (2), July 4 to August 31. 
S^lte 6 omitted because of crop failure from drought. 
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yield increase. Subsoil samples were comparable among the two 
groups in ^ p level. Initial exchangeable K values ranged 
from very low to high in surface samples from sites in both 
groups, but were somewhat higher in soils from sites in 
group (1). This tendency was noted to a lesser degree in the 
subsoil samples. 
Exchangeable A1 levels were very small or nonexistent in 
surface samples from all locations. At a depth of 12 to 24 
inches, exchangeable A1 levels averaged 0,6 meq/100 g at sites 
in group (1), while sites with no significant yield increase 
had essentially no exchangeable A1 present. However, two 
sites in group (1) also had practically no exchangeable A1 
in subsoil samples at this depth. 
Exchangeable Ca and Mg were somewhat lower on the average 
in both surface and subsoil samples from sites in group (1). 
However, the ranges of values for the two groups overlapped 
to some extent. The Ca/Mg ratios in surface samples averaged 
4.2 and 3.6 for groups (1) and (2), respectively. Correspond­
ing ratios in the subsoil samples at 12 to 24 inches were 2.2 
and 2.8. 
Cation exchange capacity values from surface samples 
were somewhat lower than average, i.e., 14.3 to 17.2 meq/100 g 
at two of four sites in group (1) and at one of seven sites 
in group (2). The remaining sites in both groups had compara­
ble CEC's on the average. Similar relationships occurred among 
CEC values for subsoil samples. 
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Base saturation (BS) levels reflected the pH trends 
previously discussed. In group (1), the BS percentage aver­
aged approximately 71^ at both sampling depths. On the other 
hand, the average % BS increased from 76.7 in the surface 
soils to 87.0 at a depth of 12 to 24 inches among sites with 
no significant yield increase. 
In the first year, the concentrations of N and P in 
leaves from plants grown on unllmed plots were lower among 
sites in group (1) than among those in group (2). However, in 
succeeding years, this was generally not true. On the average, 
there was little difference over the 3-year period in ^  N 
among the two groups of sites, while % P and also % K were 
somewhat lower at sites in group (1). The mean level of K 
for the two groups differed mainly because of a distinctly 
low % K value at one location in group (1) in I967. 
Secondary nutrient and micronutrient levels in com 
leaves were measured only in the last year. Analyses were 
not performed on samples from plots receiving additional N 
fertilizer at site 7, and, consequently, no comparisons were 
possible between the two groups of sites in terms of these 
nutrients. It was noted, however, that site 12, which re­
sponded well to high lime rates in the two previous years had 
the highest control-treatment level of Zn, i.e., 57*2 ppm. 
Stress index summations were not distinctly different 
among the two groups of sites, when site 6 (I968) was not 
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considered (see Table 4$). On the average, slightly greater 
moisture deficits occurred at sites with a significant yield 
increase from lime. However, this difference did not appear 
to be consequential. 
Fertilizer rates varied to some extent among sites in 
both groups, but tended to be slightly lower at sites with a 
yield response to lime. This may have been of some conse­
quence in terms of N and/or P in some instances. 
The range in planting dates for the two groups of sites 
differed by only a few days. The mean for group (1) was in­
fluenced by the late planting at site 7 in 19691 and there­
fore, appeared to be a week later than the mean date for 
group (2). 
Summarization of measured site factors led to the con­
clusion that the distinctive characteristics of sites with 
significant yield increases due to lime were not simply 
identified. One of the most Important factors appeared to be 
a somewhat lower initial pH at the surface ( <5-7) and at 
rooting depths in the soil profile. Exchangeable A1 levels 
were relatively low among the sites in group (1) and were 
correlated with the lower pH values measured. 
Sites which showed the most potential for com response 
to lime were locations where significant increases in the 
availability of N or P, or of both elements occurred with 
lime treatments. However, these factors were not consistently 
related to initial soil test values and were not unique to 
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Table 50» Ctimulative yield increases suid estimated net re­
turns from lime treatments for the 3-year period 
at each site 
ECCE Net ret. Ayleld Net ret. Ayleld Net ret. 
/A bu/A $/A bu/A $/A bu/A $/A 
Site 1 Site 2 Site 4 
1 — — — — 0*3 ~ 
2 — — 3 « 3 — 3 « 9 -
^ 2«7 — — — 9»0 — 
8 — 4.2 2.7 — 
16 — — — — 9.3 — 
24 3.3 — — — 1.8 — 
32 - - - - - -
Site ? Site 6 Site 7 
1 — — 3.5 13.8 12. 
2 — — — 15.0 10.1 
4 11.1 - 1.4 - 11.7 -
8 2.4 5*6 18.3 
16 — — 
24 — — 6.4 — 20.1 — 
32 - - 2.4 - 20.4 -
Site 8 Site 9 Site 10 
1 4.8 1 .76 14.7 13.64 
2 14.1 8 .92 15.3 10.36 — — 
4 21.0 9 .20 9.6 - - -
8 14.1 _ 9.3 
16 — — 6.3 
24 20.4 — 3.3 — — — 
32 16.2 - 11.7 - - -
Site 11 Site 12 Average 
1 - — 3.3 
2 - - 1.5 — 1.5 
4 — 
- 14.7 1.64 6.0 -
8 0.3 21.9 5.7 16 — 22.8 
24 - — 36.0 676 
32 25.2 
— 4.5 — 
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sites in group (1). With regard to micronutrient influence, 
greater Zn availability may have facilitated yield increases 
with the high lime rates at site 12, where such responses 
were more consistent than at any other location. 
Economic returns from lime treatments 
The initial approach used in Investigating optimum lime 
rates was to equate the first derivative of the quadratic 
yield equation for individual sites with the lime/com price 
ratio. The resultant values calculated were generally not in 
agreement with those obtained by inspection of yield increases 
accompanying applied increments of lime. This appeared to 
result from the absence of well-defined yield optima and from 
a concomitant lack of fit by the quadratic equation. 
Alternatively, the investment in lime for continuous 
corn was evaluated by summarizing the cumulative increases in 
yield and calculating the net returns for each treatment, 
using price factors of $1.20/bu for com and $4.00/1,000 lb 
ECCE for lime. The results, given in Table 50, indicated 
that economic returns may have been realized at some sites 
where the treatment effects failed to attain significance at 
the 0.05 probability level. On the other hand, monetary gains 
at the given price levels were not apparent for any lime rate 
at some sites where treatment effects were significant in at 
least one year due to smaller standard errors. Among the 
applied levels of lime, returns were apparently optimum with 
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the 1,000 lb/A rate at sites 7 and 9# with the 2,000 lb/A 
rate at site 8, and with the 4,000 lb/A rate at site 12. 
The cost of lime exceeded the returns from any increases in 
yields at the remaining locations. 
Conclusions on optimum lime rates for com are clearly 
influenced by a number of factors which may well modify the 
foregoing comments. These factors include: (1) variation 
in lime cost among locations, (2) changes in com prices, 
and (3) returns from lime effects continuing beyond the 3-
year period of experimentation. Consideration can be more 
readily given to the first two of these factors for given 
situations. Although there seemed to be some indication that 
maximum yield response occurred before the end of the experi­
mental period, the future influence of lime on continuous 
com production is open to speculation. Where long-term 
effects of lime are anticipated, the value of expected 
returns from lime should be discounted for interest on the 
investment. 
Outlook on the use of lime for continuous com 
The data collected in these experiments indicate that the 
use of lime for well-fertilized com is more likely to be 
worthwhile when the soil pH is <5.70, particularly in 
instaroes where the pH does not rise much with depth in the 
rooting zone. Liming to a pH of 6.0 or 6.5 appears to be 
feasible in such cases, depending on the price factors 
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Involved. Where fertilizer rates are borderline with respect 
to those needed for a high level of crop production, use of 
lime may prove to be economical at slightly higher initial 
pH levels, i.e., up to 6.0. 
It is recognized that further research is required to 
substantiate the optimum pH level and lime rates for con­
tinuous row crop systems in the various soil association 
areas of Iowa. Future research must cope with the problem 
of measuring small yield differences accurately. Presumably 
this will involve reducing the number of lime rates to four 
or less, Increasing the number of treatment replications to 
achieve a better estimate of yield while reducing the error 
sums of squares in statistical analyses, and increasing the 
number of sites on soils of a given type. Continued emphasis 
also should be placed on the measurement of uncontrolled 




Eleven field experiments were conducted over a 3-year 
period to determine the effect of agricultural lime on com 
grown In a continuous-corn cropping system. The selected 
experimental sites were located on 10 of the major soil 
associations in Iowa. A randomized complete block design 
was used with three replications of eight treatments con­
sisting of 0; 1,000; 2,000; 4,000; 8,000; 16,000; 24,000; and 
32,000 lb ECCE/A. Limestone material was obtained from local 
sources and applied in the fall or spring prior to the I967 
growing season. Fertilizer rates varied among sites, but 
generally were appropriate for a high level of crop production. 
In 1969» split-plot application of an additional 100 lb N/A 
as sidedressed NHj^ NO^  was used at two sites to investigate 
com yield response to lime with greater N fertilization. 
Experimental sites were characterized by soil tests for 
ammonifiable N, available P, exchangeable K, and pH levels 
in surface samples (0-6 Inches) taken from all plots prior 
to liming. These data were used in various regression 
analyses as covariates to adjust for within-site variation in 
indigenous soil factors. Experimental sites were also char­
acterized in terms of exchangeable Al, Ca, Mg, and K, avail­
able P, pH, cation exchange capacity, and total exchange­
able bases in profile samples composited among control plots. 
This information was considered in the comparison of sites 
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with and without slgnlflcsuit yield Increases due to lime. 
Limestone from each location was analyzed to determine 
the Ca and Mg contents as well as the ECCE. Deviations of 
these ECCE values from those supplied by the producer were 
usually small. Nevertheless, measured ECCE values were used 
to calculate treatment rates utilized in regression analyses 
of soil and plant factors influenced by lime. 
The moisture status of the crop throughout each growing 
season at individual sites was estimated in terms of a stress 
index "based on water-holding characteristics of the soil pro­
file, moisture levels in profile samples taken in June or 
early July, daily precipitation, and estimated daily open-pan 
evaporation. Stress index values were summed over two periods 
in the growing season and were considered in the comparison of 
site and seasonal effects on measured leaf nutrient levels 
and yields. 
Treatment effects on various soil and plant variables 
at each site were analyzed statistically by AOV and by linear 
and quadratic regression equations with and without selected 
covarlates » These AOV*s, without the partitioning of treatment 
sums of squares,did not adequately indicate the significance 
of treatment effects because of the dilution of treatment 
mean squares by higher order terms for lime (L^, L^, ..., L?), 
which accounted for little variation in the dependent vari­
ables. For most of these variables, the response trend was 
more nearly linear than quadratic. Where the AOV or the 
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appropriate regression model indicated a significant treat­
ment effect, an LSD at the O.05 proTaabllity level was cal­
culated to facilitate the comparison of treatment means. 
Analyses of variance for data combined among eight 
sites with yield measurements in all 3 years were computed 
for soil and leaf N, P, and K as well as yield. However, 
emphasis was not placed on such analyses "because this approach 
tended to result in the dilution of certain treatment effects. 
Also, error heterogeneity among sites in some instances cast 
doubt upon the true significance level of P tests. Small 
treatment and site x lime effects, indicated by the combined 
AOV of yield, suggested that further investigation of dif­
ferences among sites in yield response by study of inter­
actions between lime and various uncontrolled factors 
measured to characterize locations would prove unfruitful. 
Due to the possibility of related plot errors from year to 
year, which the author was not prepared to investigate, no 
regression analyses were computed for data combined within 
sites and among years or among sites and years. 
Treatment effects on the soil were measured in terms of 
pH, ammonifiable N, available P, and exchangeable K in surface 
samples obtained each fall prior to harvest. Most of the 
apparent change in pH from liming occurred in the first 2 
years. Neutrality was attained at most sites with the 4,000 
or 8,000 lb ECCE/A rate. The pH resulting from the highest 
lime rate ranged from 0.75 to 7.6O in 196? and from 7«55 to 
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7.95 in 1969. 
Lime treatments significantly increased the level of 
ammonifiable N at most sites in at least 1 year, and this 
effect was attributed to increased microbial mineralization 
of soil organic N. Responses of this type occurred at sites 
with an initial pH in the range of 5*55 to 6.20. Although 
significant increases in ammonifiable N occurred at rates 
as low as 2,000 lb ECCE/A, most of the treatment effect was 
associated with rates > 8,000 lb ECCE/A and declined with 
increasing time after application. The magnitude of sig­
nificant increases ranged from 11 to 83 pp2m in I967, from 
8 to 51 pp2m in I968, and from 12 to I9 pp2m in 1969, Overall 
means for the three highest lime rates differed from the 
control mean by 18, 12, and 3 pp2m, respectively, in the 
successive years. These results were in agreement with pre­
vious findings that increased mineralization of organic N 
after liming is a relatively short-term event. 
Applied lime significantly increased the measured level 
of available P to some extent at approximately one-fourth of 
the experimental sites. These sites were low in initial avail­
able P and had an initial pH in the range of 5.70 to 6,20. 
A tendency existed for available P values to decline slightly 
with the high lime rates at some locations in the first year, 
but this was not found to be meaningful. Neutralization of 
the acid extracting solution by the presence of free lime in 
the soil samples may have contributed to this observation. 
190 
On the other hand, most of the positive influence of lime on 
available P was measured in the third year and was 
attributed to increased mineralization of soil organic P. 
Significant increases in available P occurred with rates of 
4,000 to 32,000 lb ECCE/A and ranged from 8 to 20 pp2m. 
However, most of the measured response was associated with 
lime rates above those normally recommended. Treatment 
means averaged over all sites in the third year indicated 
an increase of 7 to 8 pp2m available P for the 24,000 and 
32,000 lb/A rates. 
The effect of lime on exchangeable K tended to be rela­
tively small and statistically nonsignificant. Both positive 
and negative relationships between lime and exchangeable K 
were observed. However, measured changes in soil test 
values for K were associated mainly with high rates of lime. 
The influence of lime treatments on the concentration 
of various nutrients in com leaves was determined by chemical 
analysis of leaf samples collected each season at the 75/^  
silking stage. Total N, P, and K in leaves were measured 
each year, and in I969, levels of Ca, Mg, Cu, Fe, Mn, and 
Zn were also determined. No data were obtained from one 
site in 1969 because of crop destruction by hail. 
Lime treatments were observed to increase the ^  N in 
leaves to a lesser degree than ammonifiable N in soil samples. 
Significant increases in ^  N were observed in at least 1 
year at approximately one-third of the sites and occurred at 
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locations ranging in initial pH from 5*55 to 6.50. However, 
the largest responses were noted at two sites with an initial 
pH <5*70. Increases were again largest in the first year, 
not only as a result of greater N availability with lime, but 
also because the average control-treatment level of N in the 
leaves was lower in the first growing season, i.e., 2.64^  
as compared with and 3.01# in succeeding years. One 
or more of the three highest lime rates were responsible for 
nearly all significant increases, which ranged among sites 
from 0.07 to 0»5Z% N. Overall means for these treatments 
differed from the control by <0.10# N. 
The effect of lime on # P in leaves followed a trend 
with time after lime application similar to that reported for 
available soil P. Significant increases in # P were observed 
at seven sites and, in most instances, only in the third year. 
Responses were not consistently related to initial soil test 
values. Significant increases were on the order of 0.01 to 
0.03# P, with the exception of two sites where larger in­
creases of 0.05 to 0.06# P were measured. Significant re­
sponses usually occurred at one or more lime rates >8,000 
lb/A. Overall means for the three highest lime levels in 
1969 differed from the control treatment mean of 0.28# by 
approximately +0.02# P. 
Significant increases and, more frequently, decreases in 
the K concentration in com leaves occurred as a result of 
lime treatments. In general, however, changes in # K were 
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small and inconsistently related to lime level. They 
occurred mainly with one or more rates > 8,000 lb/A and 
were obsezrved at approximately half of the experimental sites. 
Maximum increases of 0.13 and 0,32^  K occurred at two loca­
tions, In the remaining cases, significant reductions of 
0.10 to 0,22^  K were noted. Overall treatment means reflected 
a slight decline < 0.10^  K at the highest lime level in the 
last 2 years. 
As expected, Ca levels in com leaves increased sig­
nificantly with lime rate at eight of ten sites. Increases 
equal to or greater than LSD values ranged from 0.05 to 0,22% 
Ca, occurring mainly at rates > 8,000 lb ECCE/A. The Ca con­
centration at the control treatment level averaged well above 
the suggested sufficiency range for this nutrient. 
Lime significantly increased the Mg in com leaves at 
seven of ten sites. Significant increases of 0.03 to 0.10^  
Mg occurred usually at one or more of the lime rates >8,000 
lb/A. The ^  Mg in leaves from plants grown on unlimed plots 
at six sites was slightly below the sufficiency range. For 
unknown reasons, lime tended to increase rather than decrease 
the leaf Mg levels in each of these cases, even though the 
Mg content of the lime applied was generally low. 
Lime treatments influenced the level of Cu in com leaves 
to some extent at approximately half of the experimental 
sites. However, the observed effects were positive in some 
cases and negative in others. Significant increases of 1.6 
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to 2.5 ppin Cu occurred, with the two highest lime rates at 
three locations. A significant decline of 1,8 to 2.1 pjM 
was noted at a fourth experimental site. The mean control-
treatment level of Cu was at the low end of the sufficiency 
range at three sites, "but lime tended to favorably influence 
Cu availability in these instances. 
The effect of lime on the concentration of Pe in leaves 
varied among sites but tended to be positive. Significant 
increases of 12 to 37 ppm Pe occurred with two or more rates 
of lime >8,000 lb/A at two sites. The observed response 
trend was contrary to expectations. Suggested factors were 
greater root proliferation into underlying unlimed soil as a 
result of liming or enhanced Pe mobility within the plants. 
Lime significantly reduced the Mn level in com leaves 
at all sites except one. The response trend was generally 
quadratic, with significant reductions of 6.9 to 71.7 ppm 
occurring usually at rates > 4,000 lb/A. Nevertheless, the 
Mn level was well within the optimum range for com even at 
the highest lime rate. 
The Influence of lime on Zn levels in leaves was nega­
tive and highly significant at all but one of ten locations. 
Significant reductions of 2.5 to 16.9 Ppm. Zn occurred mainly 
with lime rates >8,000 lb/A. With the exception of two 
sites, leaf Zn concentrations with the high lime rates were 
generally below the sufficiency levels for com. The im­
portance of the observed effect of lime on Zn was questioned 
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because of the absence of plant deficiency symptoms and the 
attainment of relatively high com yields. 
In addition to leaf analyses, total N, P, and K de­
terminations were made on grain samples from the I967 crop. 
No meaningful relationship was found between lime rate and 
 ^N in the grain. High lime rates increased the P level 
mainly at two sites and significantly increased the K level 
only at one location. Nevertheless, treatment means averaged 
over all sites indicated a relatively consistent increase 
of 0.009 to 0,015% P and 0.06 to 0.11^  K for lime rates 
from 4,000 to 32,000 lb/A. These data indicated that, on 
the average, lime had a slightly greater positive influence 
on the levels of these nutrients in the grain than in the 
leaves during the first season after lime application. 
Grain moisture data used for adjusting yields to a 
common moisture percentage were also analyzed statistically 
to evaluate any possible relationship between water content 
at harvest and lime rate. Both positive and, more frequently, 
negative effects of lime upon % SgO were observed in each 
year. Significant differences from the control means occurred 
at five locations in at least 1 year. However, these dif­
ferences were <2.0^  and were associated mainly with lime 
rates in excess of those normally applied. Overall treatment 
means reflected the fact that most of the lime influence 
occurred in the third year, when the average value for the 
four highest lime rates differed from the control mean by 
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-0.8# HgO. Treatment effects on the % HgO were not consis­
tently related to changes in yield resulting from lime. 
The influence of lime on grain quality was further 
evaluated by test weight (weight/bu) measurements on oven-
dried grain samples from each harvest. Only small differ­
ences in weight/bu were found among the treatment means. 
Statistically, these differences were significant at a few 
sites in the last 2 years, but the trends were both negative 
and positive with respect to lime rate. Changes in test 
weight were generally less than 1 Ib/bu and associated with 
one or more of the lime rates > 8,000 lb/A. No consistent 
relationship existed between lime effects on moisture content, 
on the test weight of the dried sample, and on com yields. 
Boot lodging, stalk lodging, and barrenness observa­
tions were made annually at the time of harvest. Collected 
data were analyzed to determine if any relationship existed 
between lime rate and the level of these factors. It was 
found that lime treatments were generally not related to 
root lodging. The influence of lime on root lodging was 
significant only at two sites in 1 year, and in both in­
stances the effect was positive. Maximum increases were on 
the order of 14 to 15% root lodging and occurred with one or 
both of the two highest lime rates. In the one instance, 
most of the increase occurred only at the 32,000 lb ECCE/A 
rate, while in the other case, root lodging increased pro­
gressively with lime rate, but treatment differences did not 
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eq.ual the LSD at the O.O5 probability level. Decomposition 
of an organic phosphate insecticide, used for rootworm con­
trol, was believed to have occurred with the high pH values 
from lime treatments at one of the two sites. 
Lime treatments influenced the stalk lodging percentage 
somewhat more frequently than the root lodging percentage. 
The predominant effect of lime was positive, but relatively 
small, generally involving increases less than 6% SL. Sig­
nificant differences among treatment means occurred at three 
locations in 1 year with one or more of the lime rates 
>16,000 lb/A. Average treatment means indicated small trends 
of increasing root lodging ( < 2%) with increasing lime rate 
in the last 2 years. 
The effect of lime treatments on the percentage of 
barren plants was Inconsistent, but tended to be small and 
negative. Significant changes in the barrenness percentage 
occurred only at two locations in 1 year. At one of these 
sites, reductions of 3 to 6# Ba were associated with lime 
rates of 4,000 to 24,000 lb/A, while at the other location, 
increases ranging from 9 to 14$ Ba occurred with the complete 
range of lime rates applied. These increases were considered 
to be an atypical result, possibly related to differential 
damage from rootworm beetles feeding on silks. 
Yields were measured in all 3 years at eight sites and, 
due to various extenuating circumstances, in 2 years at the 
remaining sites. The evaluation of yield data indicated that 
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significant yield increases ranging from approximately 7 
to 17 "bu/A occurred at a total of four sites during the 3-
year period. These responses occurred in 1 year only at 
three of these sites and in 2 years (first and second) at 
the fourth location. At the site with a significant yield 
increase in I969, the response occurred on subplots receiving 
additional N fertilizer (100 lb/A), but, due to several 
factors, the results from use of this auxiliary treatment 
factor were somewhat inclusive. 
Significant increases in yield were associated with one 
or more of the lime rates >16,000 lb/A, except for one site, 
where mean yields for all but one of the lower lime rates in 
1 year differed by the LSD from the control treatment mean. 
The yield level for the control treatment at site(s) with 
yield response averaged approximately 40, 10, and 20 bu/A 
less than the corresponding mean yield for all sites in the 
3 years, respectively. 
Significant yield decreases with lime were measured at 
one location in each of the last 2 years. At one of these 
sites, an average reduction of I5 bu/A was observed for rates 
8,000 to 32,000 lb ECCE/A. This appeared to be a somewhat 
atypical response, possibly resulting from differential 
rootworm beetle damage to silks. At the second site, a sig­
nificant yield reduction of about 7 bu/A occurred at rates of 
16,000 and 24,000 lb ECCE/A. Full yield potential was not 
attained at this location because of severe wind damage to 
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the crop in early September. 
Treatment means averaged over all sites in the first 
year indicated increases of 1 to 4 "bu/A at lime rates > 4-, 000 
lb/A. A similar level of response was apparent in the second 
year means when data from the one site with yield reductions 
were omitted. In the third year, overall treatment means 
indicated little change in yield with lime rate. 
An evaluation of lime effects at sites with a linear or 
quadratic yield response was conducted by use of various re­
gression equations in which the contribution of treatment-
dependent factors to yield variation was determined. Increas­
ing availability of one or more of the three macronutrients 
or decreasing occurrence of barrenness with lime rate accounted 
to a varied degree for yield increases due to lime. Yield de­
creases associated with lime appeared to involve such factors 
as increasing barrenness percentage, decreasing ^  K in leaves, 
or decreasing Cu, Mn, and Zn concentrations in leaves. Changes 
in soil test values or leaf percentages of N, P, and K failed 
to explain much of the yield variation attributable to lime 
rates at some locations. Levels of these leaf nutrients were 
not more consistently related to yield variation than were 
soil test values. The results obtained indicated that a com­
bination of factors only partially defined in these experiments 
were involved in the measured yield response to lime. 
Further consideration was given site differences with 
regard to the effect of lime treatments on yield. Site and 
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management factors were siamnarized for sites with a signifi­
cant yield increase due to lime and for sites where no such 
response occurred. It was found that the range of values 
for nearly all factors overlapped to a considerable degree 
among the two groups, and means for these factors were gen­
erally not distinctly different. On the average, however, 
locations with a significant yield increase were lower in 
the initial pH of surface soil (5«>78) and of subsoil at a 
depth of 12 to 24 inches (5*65)• Of the four sites with 
significant yield increases due to lime, two of the sites 
with seemingly greater potential for yield response had 
exchangeable A1 levels of 0,7 and 1.5 meq/100 g at a depth 
of 12 to 2k inches, as compared with values <0.10 meq/100 g 
at the other locations. 
Control treatment levels of N and P in com leaves 
were somewhat lower among sites with a significant yield 
increase mainly in the first year. There was some indication 
that borderline rates of N or P fertilizer may have, contribu­
ted to yield response to lime in certain instances. 
Insufficient secondary nutrient and micronutrient data 
were obtained to detennine the role of these elements with 
respect to site differences in yield response. It was noted, 
however, that the one site with significant yield increases 
due to high lime rates in both the first and second years 
had the highest level of Zn in leaves from plants grown on 
unlimed plots in I969, 
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Economic returns for the 3-year period were calculated 
for the various lime rates at each site using price factors 
of $1.20/bu for com and $4.00/1,000 lb ECCE for lime. 
The results indicated that the optimum applied rate was 
1,000 lb ECCE/A at two sites, 2,000 lb ECCE/A at another 
site, and 4,000 lb ECCE/A at a fourth site. Returns were 
negative at the remaining sites. It was emphasized that con­
clusions on optimum lime rates are contingent upon variation 
in lime cost among locations, changes in com prices, and 
unknown returns from lime effects continuing beyond the 
3-year period. 
The information gained in this study indicated that 
liming to a pH of 6.0 or 6.5 appears to be feasible for well-
fertilized com in a continuous row crop system when the soil 
pH is < 5*70, particularly if the pH lower in the rooting zone 
is not substantially higher. There was some evidence that 
liming at slightly higher initial pH levels may be worthwhile 
if high-fertility conditions are not maintained. It was 
recognized that additional research is needed to further 
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Table $1, Definitions of symbols used for regression 
variables 
Symbol Definition®" 
Y Yield of com, bu/A 
B Block or replicate 
L Applied limestone, ECCE/A 
2 L Applied limestone squared 
S Stand, plants/acre/1000 
Ba Barrenness percentage 
HL Root lodging percentage 
SL Stalk lodging percentage 
jLn Initial ammonifiable soil N, i.e., prior to liming 
p^ Initial available soil P 
k^ Initial exchangeable soil K 
_lpH Initial soil pH 
n Ammonifiable soil N 
p Available soil P 
k Exchangeable soil K 
N N concentration in com leaves 
P P concentration in com leaves 
K K concentration in com leaves 
Ca Ca concentration in corn leaves 
Mg Mg concentration in com leaves 
Cu Cu concentration in com leaves 
Fe Fe concentration in com leaves 
Mn Mn concentration in com leaves 
Zn Zn concentration in com leaves 
®The symbols S and L are used in AOV tables as defined 
therein. 
Table ^ 2, Detailed Information on location of experimental sites 























Rt, 1, Albumett 
Rt. 1, Fremont 
R.R., Murray 
Waukee 
Louis Thompson Rt. 1, Clinton 
Rt. 4, Albla 
R.R., Albla 
Rt. 2, Clinton 
8th Ave., N.W. 
Waukon 
Linn NWi, Sec 13, T-85N, R-7W 
Keokuk NWi, Sec 18, T-74N, R-13W 
Clarke SWj, Sec 22, T-72N, R-27N 
Boone NW^ , Sec 9, T-83N, R-25W 
O'Brien NWi, Sec 8, T-94N, R-39W 
Dallas NEI, Sec ik, T-78N, R-27W 
Buchanan NWJ, SEj, Sec 10, T-89N, 
R-9W 
Clinton SEi, Sec 11, T-8IN, R-5E 
Monroe NW^ , Sec 6, T-72N, R-I6W 
Clinton NWJ, Sec 21, T-82N, R-6E 
Allamakee SE^ , Sec 7, T-97N, R-5W 
Table 53» Chemical properties of unllmed soils at each experimental site 
Depth BufferiT, ^  ÇS «S. -1_JL 
Site Soil series In. pH pH Meq/lOOg % Meq/lOOg pp2m 
1 Readlyn 0-6 6.05 6.40 23.3 17.1 73.2 0 15.O 3.2 51 223 
6-12 5.95 6.45 20 139 
9-12 22.2 16.0 72.0 0.1 12.6 3.0 
12-24 5.85 6.65 21.1 16.9 80.3 0.1 12.9 3.5 5 41 
24-36 6.65 7.25 14.9 13.4 90.2 0 10.0 2.9 5 30 
36-48 7.40 7.60 13.2 13.5 — 0 10.4 2.6 6 25 
48-60 8.30 7.65 11.1 40.2 — 0 38.5 2.8 5 30 
2 Talntor 0-6 6.00 6.50 26.4 21.2 80.5 0 I7.I 4.7 22 99 
6-12 6.15 6.60 13 76 
9-12 28.2 23.6 83.7 0 17.3 5.9 
12-24 6.10 6.65 32.0 27.6 86.2 0 18.4 8.3 4 55 
24-36 6.50 6.95 31.0 29.7 96.0 0 19.1 10.3 3 49 
36-48 6.85 7.20 28.3 29.0 — 0 18.3 10.2 5 43 
48-60 7.50 7.40 25.8 33.3 — 0 20.0 12.9 6 39 
4 Grundy 0-6 6.55 6.65 25.7 19.9 77.4 0 I6.9 3.6 22 229 
6-12 6.20 6.50 12 151 
9-12 25.9 18.6 71.9 0 13.7 4.5 
12-24 5.90 6.45 26.5 19.2 72.5 0.1 12.7 5.7 6 78 
24-36 5.85 6.60 29.3 24.6 83.9 0.3 15.3 8.1 l4 63 
36-48 6.05 6.80 30.3 26.2 86.3 0.1 16.6 8.9 35 63 
48-60 6.25 6.95 28.9 25.6 88.6 <0.1 16.6 8.8 35 67 
5 Nicollet 0-6 5.95 6.50 21.6 16.8 77.6 0 13.6 3.5 44 154 
6-12 6.55 6.70 21 78 
9-12 24.8 19.7 79.2 0 15.5 4.2 
12-24 6.85 7.00 22.2 19.6 88.5 0 14.8 4.6 6 34 
24-36 7.60 7.30 17.7 49.4 — 0 44.0 5.8 4 30 
Table (Continued) 





CEO TEB Base sat. 
% 
Al Ca Mg P K 
Meq/lOOg Meq/lOOg pp2m 
5 Nicollet 36-48 8.05 7.50 12.9 56.6 0 53.5 5.3 4 33 
48-60 8.50 7.60 12.1 53.3 — 0 52.2 5.0 4 40 
6 Galva 0-6 5.95 6.35 30.8 24.9 80.7 0 19.2 6.2 30 182 
6-12 6.55 6,60 12 83 
9-12 31.8 26.0 81.8 0 19.0 7.1 
12-24 6.65 6.90 29.0 25.1 86.6 0 17.7 7.4 6 49 
24-36 7.45 7.35 24.9 33.1 m# — 0 24.6 8.2 5 41 
36-48 8.30 7.55 27.1 25.3 — Ml 0 16.4 7.9 4 43 
48-60 8.45 7.55 15.4 69.5 — — 0 65.6 5.9 4 56 
7 Sharpsburg 0-6 5.45 6.10 22.6 14.7 64.9 0.1 12.3 3.2 36 406 
6-12 5.85 6.45 
26.2 
10 173 
9-12 19.5 74.6 0 15.2 4.6 
12-24 6.25 6.60 25.8 20.2 78.2 0 14.3 5.4 7 84 
24-36 6.25 6.90 24.2 20.3 83.9 0 13.9 6.3 22 71 
36-48 6.50 7.05 27.3 24.9 91.4 0 16.4 7.9 33 77 
48-60 6.90 7.25 26.8 24.6 92.0 0 16.4 7.9 33 60 
8 Floyd 0-6 5.65 6.20 26.1 18.5 70.9 <0.1 16.3 2.6 38 133 
6-12 6.35 6.70 8 65 
9-12 
6.95 
25.4 21.8 86.0 0 18.6 2.7 
12-24 7.15 20.4 19.0 93.2 0 15.9 2.8 4 39 
24-36 7.50 7.45 11.6 11.7 mm #* 0 9.9 1.8 4 30 
36-48 7.75 7.50 10.0 10.4 M 0 8.8 1.5 5 33 
48-60 7.85 7.50 10.2 10.7 — — 0 9.7 1.6 7 45 
9 Muscatine 0-6 5,65 6.20 24.7 17.4 70.3 <0.1 13.0 4.8 67 239 
6-12 5.85 6.35 30 140 
9-12 24.3 18.5 76.0 0 14.3 4.8 
Table 53» (Continued) 





CEC TEE Base sat. 
% 
A1 Ca Mç P K 
Meq/lOOg Meq/lOOg pp2m 
9 Muscatine 12-24 6.10 6.65 23.5 19.5 82.8 0 13.6 5.7 9 52 
24-36 6.30 6.95 23.7 21.4 90.4 0 14.1 7.4 6 47 
36-48 7.30 7.35 20.2 22.4 0 14.3 7.9 6 43 
48-60 8.10 7.50 18.1 42.5 — — 0 24.7 : 14.4 6 48 
10 Weller 0-6 5.35 6.40 14.3 10.1 71.2 <0.1 8.6 2.0 29 129 
6-12 5.40 6.45 19 96 
9-12 15.3 9.6 63.1 0.3 7.3 2.3 
43 12-24 5.20 6.20 24.4 16.0 65.5 1.5 10.1 5.9 10 
24-36 5.30 6.30 35.1 24.4 69.4 1.6 14.6 9.8 27 52 
36-48 5.65 6.65 29.8 23.2 77.9 0.5 14.4 9.3 46 54 
48-60 6.25 6.95 27.1 23.4 86.4 0.1 14.3 9.0 30 49 
11 Fayette 0-6 6.45 6.95 13.9 11.6 83.9 0 8.7 3.4 49 183 
6-12 6,60 7.05 18 90 
9-12 16.2 14.3 88.6 0 10.3 4.1 
12-24 6.65 7.05 18.0 16.5 91.6 0 10.5 4.9 22 51 
24-36 5.95 6.75 20.8 18.5 89.0 0.3 11.2 6.4 42 45 
36-48 5.45 6.65 21.2 18.6 87.8 0.5 11.2 6.3 59 44 
48-60 5.55 6.75 20.2 17.5 86.7 0.4 10.5 6.1 63 43 
12 Fayette 0-6 5.50 6.30 17.2 11.8 68.3 <0.1 9.5 2.2 42 222 
6-12 5.30 6.30 19 148 
9-12 16.5 11.5 70.0 0.1 8.6 2.6 
12-24 5.25 6.35 19.1 13.5 70.7 0.7 8.9 3.8 14 58 
24-36 5.15 6.35 20.4 15.1 74.0 1.1 9.9 4.3 55 46 
36-48 5.45 6.55 19.7 15.8 80.3 0.7 10.5 4.5 74 44 
48-60 5.65 6.75 19.1 15.9 83.3 0.4 10.5 4.5 66 42 
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Table 5^ * Soil moisture characteristics at each experimental 
site 
ASM®' on sampling 
Depth FC WP Sampling date date in inches 
Site feet in. HgO 196? I968 1969 1967 1968 1969 
1 0-1 4.65 2.15 6-•27 6-19 6-•19 2.02 2.53 2.52 
1-2 4.38 1.93 1.74 2.36 2.47 
2-3 3.44 1.44 1.34 1.87 1.80 
3-4 3.27 1.37 1.34 1.78 1.97 
4-5 3.18 1.38 1.63 1.90 1.97 
Total 8.07 10.44 10.73 
2 0-1 4.74 2.34 6-27 6-28 7-•12 2.00 1.06 2.23 
1-2 5.08 2.88 1.97 1.41 1.86 
2-3 5.18 2.98 1.90 1.79 2.04 
3-4 4.97 2.57 2.40 2.06 2.44 
4-5 4.87 2.47 2.72 2.54 3.47 
Total 10.99 8.86 12.04 
4 0-1 4.98 2.38 6--30 6-22 7-12 2.74 1.35 2.44 
1-2 5.00 2.40 2.70 1.59 2.53 
2-3 5.07 2.67 3.13 1.54 3.09 
3-4 5.10 2.70 3.10 1.39 3.31 
4-5 5.02 2.62 3.31 1.65 3.82 
Total 14.98 7.52 15.19 
5 0-1 4.43 2,13 7-•1 6-13 6-16 1.39 1.63 1.64 
1-2 4.02 2.02 1.50 1.48 1.64 
2-3 3.66 1.76 1.34 1.46 1.75 
3-4 3.36 1.46 1.42 1.48 1.97 
4-5 3.16 1.46 1.48 1.38 2.12 
Total 7.13 7.43 9.12 
6 0-1 4.98 2.68 6-.21 7-03 6--17 2.25 1.40 2.17 
1-2 4.66 2.46 2.04 0.86 2.04 
2-3 4.31 2.11 2.16 0.23 2.10 
3-4 3.99 1.79 2.13 0.66 2.95 
4-5 3.67 1.67 1.79 0.81 2.30 
Total 10.37 3.96 11.56 
Estimated available soil moisture. 
E^stimated soil moisture at field capacity. 
®Soil moisture at wilting point (I5 bar value). 
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Table 5^* (Continued) 
Depth 
Site feet 





in. HgO 1967 1968 1969 1967 1968 1969 
7 0-1 4.37 2.27 6-29 6-21 7-16 1.86 1.38 1.86 
1-2 4.50 2.40 2.05 1.56 2.03 
2-3 4.33 2.23 2.17 1.28 2.20 
3-4 4.58 2.48 1.84 1.06 2.12 
4-5 4.52 2.42 1.96 1.68 3.23 
Total 9.88 6.96 11.44 
8 0-1 4.64 2.14 6-23 6-18 6-19 2.35 2.60 2.90 
1-2 4.01 1.81 1.95 1.88 2.43 
2-3 3.19 1.19 1.75 1.86 1.90 
3-4 3.16 1.26 1.80 1.71 1.93 
4-5 3.19 1.39 1.92 1.69 2.06 
Total 9.77 9.74 11.22 
9 0-1 4.71 2.21 6-26 7-4 7-2 2.38 2.44 2.61 
1-2 4.44 2.14 2.24 2.24 2.20 
2-3 4.24 2.04 1.98 2.25 2.17 
3-4 4.14 1.84 1.98 2.43 2.33 
4-5 4.06 1.66 2.65 2.51 2.77 
Total 11.23 11.87 12.08 
10 0-1 4.13 1.48 6-28 7-6 « 2.54 1.13 
1-2 4.39 2.39 2.06 1.57 — 
2-3 5.07 3.27 1.55 1.44 — 
3-4 4.75 2.95 1.32 1.20 — 
4-5 4.57 2.77 1.36 1.29 — 
Total 8.83 6.63 
11 0-1 3.43 1.43 6-26 7-4 7-2 1.75 2.11 2.22 
1-2 4.03 1.83 1.51 1.82 1.84 
2-3 4.29 2.09 1.53 1.78 1.75 
3-4 4.29 2.09 1.72 2.14 2.11 
4-5 4.09 1.89 1.54 2.43 2.37 
Total 8.05 10.28 10.29 
12 0-1 4.02 1.62 6-22 6-20 6-20 1.91 2.23 2.40 
1-2 3.91 1.71 1.83 1.94 2.03 
2-3 3.95 1.75 1.60 2.09 2.23 
3-4 4.14 1.74 1.75 2.02 2.47 
4-5 4.11 1.71 2.05 2.14 2.58 
Total 9.14 10.42 11.71 
Table 55. Weekly and total precipitation records for each experimental site during the period between 
May 26 and August 31 
Week ending on date 
June July August 
Site Year 1 8 15 22 29 6 13 20 27 3 10 17 24 31 Total 
1 67 0.48 3.60 2.09 0.51 0.35 0.16 0.05 0.87 0.81 0.20 3.00 0.18 0.29 0.00 12.59 
68 0.00 0.00 2.55 0.10 2.70 0.01 0.04 1.50 0.24 0.21 5.14 0.71 0.11 0.00 13.31 
69 0.26 3.00 2.16 0.00 4.11 1.27 3.47 4.81 0.26 0.00 0.00 0.00 0.82 0.03 20.19 
2 67 1.61 0.49 3.65 1.04 0.13® 0.00 0.47 3.15 0.30 0.76 0.46 0.10 0.33 0.00 12.49 
68 0.25 0.00 1.46 0.00 0.37 0.47 0.00 1.00 1.40 0.00 0.00 0.00 0.00 2.60 7.55 
69 0.00 2.35 0.45 1.25 3.57 0.66 1.74 2.92 0.50 0.00 1.84 0.00 3.25 0.00 18.53 
4 67 2.91 1.10 4.19 3.85 0.85^ 0.08 0.10 0.00 2.45 1.75 0.50 0.00 0.00 0.20 17.98 
68 0.87 0.00 1.50 0.00 1.80® 0.00 0.50 2.35 0.45 0.40 1.75 0.75 0.00 0.00 10.37 
69 0.00 1.36 2.75 0.27 2.04 1.40 1.41 3.13 2.50 0.05 0.55 0.65 2.17 0.00® 18.28 
5 67 1.93 3.98 2.65 1.33 2.25 0.00 1.21 0.01 0.49 0.40 0.66 0.00 0.23 0.38 15.52 
68 0.76 0.00 3.80 0.07 5.18 0.35 0.99 0.31 0.30 0.30 2.21 0.09 0.18 0.85 15.39 
69 0.03 0.61 1.85 0.24 2.91 1.16 1.40 0.32 2.13 0.19 0.20 0.00 1.40 0.42 12.86 
6 67 0.52 2.26 3.35 1.17 0.77 0.06 0.18 0.00 0.06 0.12 0.89 0.04 0.24 0.39 10.05 
68 0.58 0.41 1.50 0.62 1.65 0.11 0.03 0.93 0.12 0.14 1.00 0.37 0.25 2.64 10.35 
69 0.08 0.14 1.29 0.80 3.77 1.37 2.10 0.33 1.80 0.08 1.72 0.00 0.27 2.25 16.00 
Week within which precipitation record was partially or completely obtained from the nearest 
reporting Weather Bureau station. All preceding data for this site and year were obtained by the same 
procedure. 
Table 55. (Continued) 
Week ending on date 
June July Augus t 





















































































































































































































































































Weeks before (B) or after (A) 75% silking date 2B-
2A 
7/4-
8/31 5B 4B 3B 2B IB lA 2A 3A 4A 5A 
1 67 0 9 97 116 74 252 102 151 163 544 1082 
68 0 1 4 10 9 74 43 72 155 107 136 475 
69 0 0 0 0 2 64 107 82 200 173 495 
2 67 10 19 29 11 31 36 67 97 107 403 
68 50 92 51 170 163 185 361 384 476 1580 
69 1 0 1 40 20 10 59 61 131 
4 67 0 6 16 8 9 21 77 100 56 329 
68 54 136 59 187 184 115 300 407 566 1579 
69 0 0 1 33 6 7 40 67 
5 67 39 61 162 175 156 250 385 356 744 1765 
68 0 1 7 17 154 157 89 210 301 334 952 
69 0 0 5 2 62 93 93 174 162 434 
6 67 1 5 16 61 84 269 298 350 407 711 I6l4 
68 277 435 396 484 413 555 590 449 2043 3637 
69 0 0 0 1 2 6 33 69 32 68 43 307 
7 5 12 52 67 165 247 310 371 531 1358 
68 33 97 97 187 212 175 343 445 593 1661 
69 0 1 10 30 17 216 58 290 
Table 56. (Continued) 
Total 
Site Year 
Weeks before (B) or after (A) "75% silking date 2B-
2A 
7/4-
8/31 5B 4B 3B 2B IB lA 2A 3A 4A 5A 
8 6? 0 0 5 4 9 33 11 18 31 57 137 
68 0 0 6 1 0 4 0 3 20 5 35 
69 0 0 0 0 7 61 68 137 343 
9 67 0 17 39 44 96 9 10 1 188 232 
68 0 2 10 56 38 110 171 286 106 789 
69 0 0 0 2 14 12 14 35 16 123 
10 67 7 43 88 72 182 305 330 431 647 1606 
68 72 57 80 213 258 403 520 608 1951 
11 67 12 22 198 224 116 232 109 87 109 681 1175 
68 3 12 76 68 121 186 305 159 877 
69 0 0 0 10 51 45 95 61 389 
12 67 0 17 23 102 117 159 272 222 650 1208 
68 0 0 2 8 0 11 33 11 131 52 214 
69 0 0 0 0 2 12 19 81 33 181 
Table 57» Soil pH per plot for the respective lime treatments at Individual sites 
in each year 
Initial 1967 1968 1969 
SCCE Block Block Block Block 
/A 1 2 3 1 2 3 1 2 3 1 2 3 
Site 1 
0 5.75 5.85 5.90 6.00 5.90 6.05 6.00 5.85 5.95 6.20 5.95 5.95 
1 6.15 5.95 5.85 6.20 6.10 6.10 6.50 5.95 6.15 6.40 6.25 6.30 
2 5.70 5.80 5.85 6.05 6.15 6.30 6.15 6.25 6.35 6.15 6.40 6.50 
4 5.95 5.85 5.95 6.30 6.45 6.35 6.40 6.75 6.75 6.30 6.90 6.80 
8 5.65 5.95 6.00 6.45 6.70 6.50 7.05 7.05 6.90 7.25 7.25 6.90 
16 5.80 5.95 5.85 6,60 6.80 6.50 7.20 7.40 7.30 7.45 7.45 7.35 
24 6.00 5.75 5.85 6.70 6,60 6.80 7.45 7.35 7.40 7.35 7.50 7.55 
32 5.90 5.95 5.95 6.95 6.70 6.95 7.50 7.60 7.50 7.55 7.65 7.60 
Site 2 
0 6.20 6.05 5.75 6.10 5.95 5.90 6.15 5.90 5.85 6.10 6.00 5.90 
1 6.00 5.95 5.75 6.20 6.15 5.85 6.15 6.15 5.85 6.15 6.25 5.90 
2 5.95 5.95 5.90 6.15 6.20 6.05 6.45 6.00 6.15 6.45 6.25 6.45 
4 5.95 6.20 5.95 6.15 6.35 6.35 6.70 6.65 6.70 6.70 6.70 6.90 
8 6.05 5.95 5.95 6.95 6.30 6.40 7.60 6.85 6,65 7.15 7.25 7.30 
16 6,00 6.05 5.85 6.80 6.60 6.75 7.60 7.50 7.70 7.20 7.20 7.50 
24 6.20 5.95 5.80 7.15 6.85 6.95 7.60 7.90 7.65 7.60 7.85 7.80 
32 5.95 6.00 5.95 7.10 6.85 6.90 7.80 7.80 7.80 7.85 7.60 7.90 
Site 4 
0 6.00 6.25 6.15 6.50 6.75 6.40 6.40 6.65 5.90 6.65 6.75 6.20 
1 6.20 6.60 6.20 6.75 6.85 6.80 6.60 6.4o 6.40 6.80 6.65 6.65 
2 6.15 6.15 6.45 6.95 6.70 7.40 7.00 6.75 7.20 7.00 6.75 7.40 
4 6.15 6.40 5.95 6.85 7.20 6.40 7.10 7.20 6.60 7.40 7.55 6.55 
Table 57» (Continued) 
Initial 1967 1968 1969 
ECCE Block Block Block Block 
/A 1 2 3 1 2 3 1 2 3 1 2 3 
Site 4 
8 6,10 6.35 6.45 7.20 7.35 7.30 7.50 7.05 7.50 7.65 7.60 7.75 
16 6.05 6.45 5.75 7.30 7.65 6.60 7.60 7.80 6.75 7.85 7.85 7.55 
24 6,45 6.15 5.95 7.55 7.60 7.25 7.70 7.80 7.75 7.80 7.90 7.80 
32 6.15 6,50 5.95 7.45 7.55 7.30 7.80 7.80 7.40 8.00 7.95 7.90 
Site 
0 5.85 6.20 6.65 5.85 6.10 6.85 5.85 6.05 6.70 5.55 5.70 6.60 
1 6.05 5.90 6.00 6,25 6.15 6.05 6.25 6.15 6.00 6.20 5.95 6.05 
2 5.85 6,20 6,35 6,05 6,45 6,60 6.05 6,45 6,50 6.05 6.40 6.55 
4 6.00 6.60 6.00 6.4o 6.75 6.45 6.70 7.15 6,50 6,65 7.00 6,35 
8 5.70 6.60 6.15 6,25 7.15 6,85 6.95 7.45 7.00 6.75 7.40 6.80 
16 6.15 6.55 5.65 7.05 7.15 6.65 7.40 7.50 7.15 7.35 7.60 7.1'5 
24 5.90 5.85 6,30 6.55 6.85 6.95 7.30 7.45 7.50 7.20 7.40 7.65 
32 6.25 6.4o 5.85 6.95 7.30 6.60 7.65 7.80 7.50 7.60 7.70 7.50 
Site 6 
0 6.30 6.15 5.85 6.25 6.10 6.05 6,15 6,10 5.95 6.10 6.00 5.80 
1 6.15 5.90 6.05 6,30 5.80 6,20 6.30 6.05 6,25 6,15 5.90 6.20 
2 6.25 6.15 5.95 6.40 6.35 6.35 6.50 6,45 6.25 6.50 6.35 6.25 
4 6.15 5.95 6.00 6,80 6.35 6.45 6.95 6,60 6.55 6.85 6.80 6.45 
8 6.15 5.95 5.90 6.45 6.30 6.50 7.15 7.00 6,90 7.10 7.10 7.00 
16 6.25 5,85 6,15 7.20 6.85 7.05 7.50 7.50 7.50 7.70 7.55 7.70 
24 6,20 6.05 5.85 7,10 6.95 6.80 7.80 7.55 7.75 7.80 7.75 7.70 
32 6.30 5.95 6.20 7.30 7.15 7.05 7.90 7.60 7,80 7.80 7.80 7.85 
Table 57* (Continued) 
Initial 1967 
ECCE Block Block 
/A 1 2 3 12 
Site 7 
0 5.65 5.60 5.65 5.50 5.50 5.65 
1 5.55 5.80 5.55 5.65 5.80 5.65 
2 5.65 5.60 5.70 6.05 5.80 5.75 
4 5.70 5.65 5.70 6.00 6.35 5.95 
8 5.75 5.60 5.65 6.20 6.30 6.50 
16 5.60 5.60 5.70 6.85 6.90 6.55 
24 5.55 5.65 5.65 6.50 7.10 6.60 
32 5.60 5.60 5.70 6.85 6.85 7.30 
Site 8 
0 5.70 5.65 5.60 5.75 5.60 5.65 
1 5.75 5.60 5.65 5.90 5.65 5.60 
2 5.75 5.60 5.80 6.15 5.85 6,15 
4 5.90 5.70 5.65 6.45 6.15 5.65 
8 5.70 5.65 5.65 6.10 6.20 6.30 
16 5.75 5.60 5.60 6.55 6.30 6.15 
24 5.70 5.70 5.75 7.05 6.40 6.60 
32 5.65 5.70 5.60 6.95 6,50 6.85 
1968 1969 
Block Block 





























































































Table 57* (Continued) 
Initial 1967 
ECC12 Block Block 
/A 1 2 3 12 
Site 9 
0 5.85 5.60 5.80 5.90 5.80 5.85 
1 5.80 5.85 5.90 6.15 6.15 6.15 
2 5.95 5.75 5.95 6.25 6.20 6.30 
4 5.85 5.90 5.50 6.25 6.35 6.15 
6 5.90 5.85 5.65 6,60 6.45 6.35 
16 5.80 5.80 5.95 6.70 6,65 6.70 
24 5.85 5.90 5.95 6.85 6.90 6,70 
32 5.90 5.80 6.10 6.70 6.85 7.05 
Site 10 
0 6.00 5.60 5.45 6.00 5.60 5.35 
1 6.05 5.90 5.50 6.00 6.60 5.95 
2 5.90 5.80 5.50 6.55 6.35 5.90 
4 6.00 5.70 5.45 7.00 7.05 6.60 
8 5.90 5.60 5.50 7.15 6.50 7.05 
16 5.90 5.60 5.40 7.70 7.35 6.45 
24 6.00 5.75 5.45 7.70 7.50 7.55 
32 5.80 5.80 5.50 7.45 7.40 7.40 
1968 
Block 
1 2 3  
5.85 5.50 5.65 
6.00 6.10 5.95 
6.25 5.90 6.15 
6.50 6.40 5.95 
6.65 6.75 6.35 
6.75 6.90 7.00 
7.35 7.20 7.30 
7.20 7.20 7.45 
5.85 5.65 5.40 
6.35 6.40 5.70 
6.70 6.10 5.95 
7.10 7.20 6.75 
7.50 7.25 7.20 
7.80 7.70 7.55 
7,95 8,00 7.95 
7.80 7.90 7.90 
1969 
Block 
1 2 3  
5.70 5.55 5.70 
5.90 6.05 6.00 
6.25 6.00 6.40 
6.40 6.60 6.25 
7.10 7.00 6.75 
7.20 7.25 7.30 
7.30 7.40 7.50 
7.50 7.55 7.65 
5.65 5.35 5.05 
5.95 6.05 5,45 
6.25 6.20 5.65 
6.80 6.90 6.30 
7.30 7.20 7.05 
7.70 7.65 7.45 
7.70 7.75 7.65 
7.80 7.80 7.80 
Table 57• (Continued) 













0 5.90 6,60 6.40 6.10 6,80 6.45 5.90 6.70 6.85 5.90 6.80 6.70 
1 6.20 6.70 6.50 6.35 6.75 6.50 6.50 6,65 6.50 6.10 7.05 6.85 
2 6,60 6.55 6.70 6.80 6.75 7.05 6.95 6.95 6.95 7.25 7.10 7.15 
4 6.55 6.90 6.45 6.75 7.50 6.85 6.90 7.30 7.30 7.35 7.55 7.40 
8 5.90 6.60 6.70 6.70 6.80 7.15 7.20 7.40 7.50 7.20 7.55 7.55 
16 6.15 6.50 6.40 7.25 7.20 6.90 7.35 7.55 7.60 7.60 7.70 7.65 
24 6.10 7.15 6.70 7.30 7.45 7.05 7.70 7.45 7.60 7.60 7.55 7.70 
32 6.70 6,60 6.50 7.40 7.35 7.40 7.65 7.70 7.60 7.70 7.70 7.75 
Site 12 
0 5.50 5.65 5.70 5.65 5.90 6.00 5.45 5.60 5.95 5.50 5.40 5.60 
1 5.50 5.50 5.50 5.05 6.35 6.00 6.00 6.15 6.10 5.80 5.55 5.70 
2 5.60 5.60 5.70 6.15 6.30 6.40 6.35 6.45 6.40 6.00 6.25 6.20 
4 5.50 5.60 5.50 6.65 6.75 6,65 6.90 6,80 6.55 6.55 6.70 6.60 
8 5.50 5.60 5.60 6.95 6.90 7.05 7.00 6.90 7.25 7.15 7.10 7.20 
16 5.60 5.50 5.6c 7.20 7.40 7.35 7.50 7.60 7,35 7.60 7.50 7.70 
24 5.50 5.50 5.65 7,65 7.50 7.55 7.80 7.70 7.80 7.75 7.65 7.60 
32 5.70 5.60 5.50 7.45 7.70 7.65 7.70 7.80 7.80 7.80 7.50 7.90 
Table 58» Corn yields® per plot for the respective lime treatments at Individual 
sites in each year 
Bu/A at 15.5# moisture 
1967 1968 1969 
ECCE Block Block Block 
/ A  1 2 3  1 2 3  1 2  
Site 1 
0 154.6 167.2 161.5 151.1 146.1 148.9 144.7 152.3 147.4 
1 161.6 155.1 141.9 143.5 156.4 141.7 147.2 152.4 145.3 
2 149.0 161.4 144.5 149.9 144.2 140.0 147.9 139.4 143.3 
4 160.8 158.8 154.1 156.5 144.5 148.1 152.8 162,0 150.4 
8 156.0 159.1 155.4 149.0 146.1 151.7 151.5 140.7 145.8 
16 160.8 159.1 163.1 148.3 148.3 149.0 144.2 145.2 148.4 
24 155.1 158.4 161.5 146.1 147.3 149.4 151.8 160,5 153.9 
32 158.1 160.3 151.4 145.6 148.2 140.6 144.4 145.9 144.8 
Site 2 
0 148.4 159.3 152.6 122.7 125.6 123.3 69.7 80,3 109.5 
1 135.4 139.4 151.7 85.9 120.9 134.5 54.7 92.3 132.0 
2 152.9 160.3 148.9 83.7 134.4 132.7 63.0 103.9 121.8 
4 145.1 146.8 159.9 118.5 119.5 125.1 75.5 71.9 96,0 
8 147.9 154.8 151.0 104.4 119.7 125.9 54.2 132.4 114.1 
16 153.1 143.9 154,1 125.3 118.6 126.1 66.8 92.3 107.7 
24 142.7 153.1 161.2 123.3 114.6 128.4 56.9 73.0 107.5 
32 147.2 140.9 145.4 122.0 117.1 128.8 108.4 68.5 114.1 
Y^ields are unadjusted for stand or other covarlates. 
Table 58. (Continued) 
Bu/A at 15.5# moisture 
1967 1968 1969 
ECCE Block Block Block 
/ A  1 2 3  1 2 3  1 2  
Site 4 
0 132.6 132.5 141.9 107.9 107.5 103.3 88.9 104.2 105.7 
1 133.9 136.3 139.4 108.6 116.0 115.6 76.3 102.7 96.6 
2 139.0 129.2 135.0 112.4 115.4 112.0 92.2 104.8 95.9 
4 139.5 157.5 135.6 108.2 105.6 113.4 92.2 100.0 99.1 
8 128.2 146.6 127.0 118.3 111.6 121.6 84.4 102.9 91.3 
16 126.2 135.9 127.8 117.5 122.2 129.4 94.9 108.5 90.1 
24 121.9 141.6 141.1 116.0 115.7 112.3 90.8 100.9 89.2 
32 135.3 157.1 101.0 114.8 109.0 120.0 93.4 100.6 82.1 
Site 5 
0 118.2 128.9 143.1 125.4 129.0 143.7 122.1 119.0 126.6 
1 120.3 111.9 123.8 129.7 134.3 138.8 117.1 114.5 118.4 
2 120.9 125.2 132.7 133.5 131.7 139.4 118.4 116.7 128.5 
4 115.7 131.0 132.6 135.6 143.7 148.6 118.2 121.6 120.3 
8 117.2 144.0 125.4 132.4 143.3 138.1 115.2 121.5 122.9 
16 127.6 128.6 134.3 136.4 139.0 136.7 117.0 116.8 107.1 
24 129.0 126.6 128.5 140.9 127.7 130.7 121.0 111.7 121.2 
32 134.3 133.8 123.3 137.4 125.4 141.8 112.0 117.6 118.6 
Table ^8. (Continued) 
Bu/A at 15*5% moisture 
1967 1968 1969 
ECCE Block Block Block 
/ A  1 2 3  1 2 3  1 2  
Site 6 
0 99.5 124.3 126.1 165.5 156.8 157.7 
1 115.8 116.0 126.9 - - — 164.3 162.7 154.4 
2 96.5 123.3 119.3 - — - 162.1 150.9 161.3 
4 125.6 105.6 127.1 — - - 162.7 156.4 156.5 
8 123.1 123.5 122.9 155.3 160.4 161.0 
16 97.9 114.0 123.6 - - - 156.1 150.1 161.8 
24 124.3 113.6 128.3 — — 162.0 162.4 158.3 
32 111.2 110.0 127.6 - - - 169.9 151.6 166.2 
Site 7 
0 73.6 79.4 37.2 103.2 95.2 105.4 104.1 101.9 138.8 
1 100.9 50.2 64.5 91.3 111.9 111.1 97.9 132.2 119.7 
2 91.8 71.8 74.3 95.7 98.8 104.9 107.3 111.2 119.9 
4 97.4 82.2 52.2 107.2 100.6 96.1 107.8 116.1 111.4 
8 62.2 91.3 84.3 113.0 99.4 102.1 133.2 94.7 113.4 
16 85.0 51.7 67.6 102.4 97.5 104.6 98.9 99.9 117.1 
24 93.3 85.7 51.6 122.5 99.3 110.5 119.5 117.4 108.8 
32 99.0 63.4 88.2 111.7 110.1 107.1 104.4 107.0 113.1 
Table 58. (Continued) 
Bu/A aG 15*5% moisture 
1967 1968 1969 
ECCE Block Block Block 
/ A  1 2 3  1 2 3  1 2  
Site 7N 
0 102.0 105.3 106.3 
1 99.1 113.6 108.3 
2 109.9 112.9 113.9 
4 103.3 106,7 112.0 
8 118.0 102.6 121.1 
16 109.4 126.0 119.0 
24 110.5 138.4 110.0 
32 119.8 104.4 108.4 
Site 8 
0 130.2 134.5 135.4 118.8 107.7 103.1 122.2 107.7 66,9 
1 139.1 132.1 140.6 118.5 102.0 106.1 120.0 105.5 77.0 
2 130.2 135.8 131.7 123.7 118.2 102.1 127.3 125.1 74.4 
4 134.3 142.0 138,3 124.5 97.1 103.3 124.1 102.5 120.3 
8 128.9 134.1 127.3 120.1 108.3 96.9 131.8 108.4 100.2 
16 132.0 134.5 131.2 111.5 104.1 90.9 111.7 95.4 87.6 
24 126.5 139.4 137.9 120.8 119.1 92.8 114.0 132.5 101.5 
32 143.4 137.7 134.8 119.2 105.4 87.7 135.6 108.7 104.3 
Table 58» (Continued) 
Bu/A at 15.5$ moisture 
1967 1968 1969 
ECCE Block Block Block 
/ A  1 2 3  1 2 3  1 2 3  
Site ? 
0 166.3 162.2 162.4 132.1 131.3 136.5 145.8 141.6 139.3 
1 164.2 173.0 161.2 138.7 136.4 138.1 141.4 146.7 143.2 
2 165.4 165.1 159.6 136,1 133.0 137.0 151.9 139.3 152.6 
4^  166.1 165.6 164.5 142.1 137.8 141.5 137.4 142.6 127.4 
8 161.0 165.5 158.5 128.8 142.2 141.1 136.6 141.4 139.7 
16 170.8 164.7 161.6 133.6 137.7 134.6 148.4 144.4 135.1 
24 162.9 172.1 159.5 125.7 121.5 136.2 149,4 140,2 138.6. 
32 159.5 169.4 172.2 133.3 134.0 138.1 149.7 143.3 145.5 
Site 10 
0 69.5 78.8 81.3 66.1 85.4 70.1 M 
1 72.2 81.2 79.8 66.8 57.2 — — _ « 
2 70.8 85.4 83.3 60,6 69.2 - — •» 
4 69.5 83.2 80.1 59.3 60.7 68.5 - - -
8 77.4 88.3 78.2 59.2 58.2 
16 88.7 86.7 80.3 50.6 69.7 61.3 — -
24 74.4 84.6 86.5 47.9 61,2 61.0 — 
32 77.7 85.2 89.6 47.3 71.0 60.1 - - — 
Site 11 
0 138.9 152.8 146.1 146.3 138.9 145.3 
1 159.8 141.4 136.2 — - 150.5 149.3 141.6 
2 144.6 163.5 145.5 — — 142.5 143.1 146.1 
4 145.7 165.2 145.5 - - - 131.8 148.2 142.6 
Table 58. (Continued) 
Bu/A at 15.5# moisture 
1967 1968 1969 
ECCE Block Block Block 
/ A  1 2 3  1 2 3  1 2  
Site 11 
8 155.5 161.4 142.6 M « 149.7 148.3 144.9 
16 151.1 154.1 140.3 — - — 143.8 134.9 137.0 
24 148.3 156.5 161.5 — i- 141.2 145.6 142.7 
32 147.4 148.4 162.6 - - - 131.0 130.6 144.5 
Site 12 
0 90.5 67.8 74.8 103.8 106.6 99.9 139.9 132.2 123.3 
1 90.8 71.3 79.3 103.5 101.8 102.8 131.5 137.4 128.5 
2 74.2 80.5 65.5 103.9 103.0 106.0 129.6 134.7 139.8 
4 92.0 85.3 81.7 108.3 108.3 109.0 142.7 141.1 123.9 
8 98.5 85.3 80.0 108.6 107.6 115.7 138.4 132.1 134.3 
16 95.3 91.3 79.8 118.1 111.4 108.9 141.3 131.9 144.6 
24 110.5 84.6 85,3 114.0 122.8 115.3 134.9 142.1 133.3 
32 86.1 85.5 78.8 126.9 108.0 124.2 140.8 142.6 147.5 
• Site 12N 
0 130.2 137.6 126.7 
1 132.4 143.2 138.3 
2 130.2 141.6 126.8 
4 148.7 152.2 120.6 
8 142,5 143.7 135.6 
16 132.6 139.7 150.4 
24 134.8 140.7 148.5 
32 139.9 148,1 120.4 
